UNCLASSIFIED 


OWEN  AND  WENDELL  ASSOCIATES  PALO  ALTO  CA  F/G  13/2 

EFFECTIVENESS  OF  FLOOD  WARNING  AND  PREPAREONESS  ALTERNATIVES, (U> 

AUG  61  H  J  OWEN,  H  WENDELL 


,^1 


rji>^ 


■SSSSSSS 


s 


BBS 


HOV  20  19®' 


UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  This  PAGE  {Whoa  Dot a  Bntorod) 


REPORT  DOCUMENTATION  PAGE 


\.  REPORT  NUMBER 


Research  Report  81-R08 


4.  TITLE  (and  Subtitle) 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


2.  GOVT  ACCESSION  NO.  3.  RECIPIENT’S  CATALOG  NUMBER 


5.  TYPE  OF  REPORT  &  PERIOD  COVERED 


Effectiveness  of  Flood  Warning  and 
Preparedness  Alternatives 


Research  81-R08 


S.  PERFORMING  ORG.  REPORT  NUMBER 


7.  AUTHOR!*) 

H.  James  Owen  and  M.  Wendell 


8.  CONTRACT  OR  GRANT  NUMBER!*) 


9.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

Owen  and  Wendell  Associates 

4145  Maybe  11  Way 

Palo  Alto,  California  94306 


10.  PROGRAM  ELEMENT.  PROJECT.  TASK 
AREA  ft  WORK  UNIT  NUMBERS 


12.  REPORT  DATE 


Aug.  1981 


13.  NUMBER  OF  PAGES 

97 


4.  MONITORING  AGENCY  NAME  8  ADDRESS!/!  dlttoront  from  Controlling  Otllco)  IS.  SECURITY  CLASS,  (ol  Oil*  toport) 


Unc lassif ied 


IS*.  DECLASSI  FI  CATION /DOWN  GRADING 
SCHEDULE 


IS.  DISTRIBUTION  STATEMENT  !„!  (hi*  R.porl) 


Approved  for  public  release;  distribution  unlimited 


17.  DISTRIBUTION  STATEMENT  (of  the  ebetract  entered  in  Block  20,  it  different  from  Report) 


19.  KEY  WORDS  (Continue  on  revetee  aide  it  nec eeeery  and  identity  by  block  number) 


Flood  Recognition  System 
Warning  Arrangements 
Preparedness  Plan 
Maintenance  Arrangements 


Cost-effectiveness 

Safety 

Public  Response 
Examples 


0*  ABSTRACT  (Continue  mo,  reeetwe  e£4e  ft  neneeemry  end  identity  by  block  number) 

The  purpose  of  this  report  is  to  shed  light  on  the  question  of  the  effective¬ 
ness  of  flood  warning  and  preparedness  alternatives  and  to  suggest  means  of 
improving  effectiveness.  It  is  also  intended  as  an  aid  to  those  considering 
the  investigation  and  formulation  of  a  community- leve 1  flood  warning  and  pre¬ 
paredness  alternative. w 

X 


DO 

t  JAM  79  1473  EDITION  OT  1  NOV  «S  IS  OBSOLETE 


SECURITY  CLASSIFICATION  OF  THIS  RACE  (When  Dete  Entered) 


AND 

PREPAREDNESS  ALTERNATIVES  . 


Accession  For 
NTIS  *GRAitI  ~ 
DTIC  TAB 
Unannounced 
Justification- 


K 

□ 

□ 


By- 


Dlstrlbutlon/ _ 

Availability  Codes 
A^all  and/or 
Dlst  Special 


f\ 


Aug.  1981 


a  report 
submitted  to 

Institute  for  Water  Resources 
Water  Resources  Support  Center 
U.S.  Army  Corps  of  Engineers 
Kingman  Building,  Fort  Belvoir,  VA 


by 

0 

-  H.  James  Owen  M. /Wendell 
j  Owen  and  WeTideU“AsToc  fates 
Palo  Alto,  California 


I 


]  ^  K. 


DISTRIBUTION  STATEMENT  A 

Approved  tot  public  releoM| 
_  jMebtibution  Unlimited 


Research  Report  81-R08 


f  /  - 


Copies  may  be  purchased  from: 


National  Technical  Information  Service 
U.S.  Department  of  Commerce 
Springfield,  Virginia  22151 


This  report  is  not  to  be  construed  as  necessarily  representing  the  views 
of  the  Federal  Government  nor  of  the  U.S.  Army  Corps  of  Engineers. 


TABLE  OF  CONTENTS 


PaSe 

Chapter  1 

Introduction .  1--1 

Purposes  and  Intended  Uses  of  Report .  1-2 

Scope .  1-3 

Chapter  2 

Elements  of  Flood  Warning  and  Preparedness 

Alternatives .  2-1 

The  Flood  Recognition  System .  2-1 

Warning  Arrangements .  2-3 

Preparedness  Plan .  2-8 

Maintenance  Arrangements .  2-11 

Chapter  3 

Criteria  for  Effectiveness .  3-1 

Cost-Effectiveness .  3-7 

Chapter  4 

Public  Response .  4-1 

Activities  Dependent  on  Public  Response .  4-1 

Encouraging  Public  Response .  4-3 

Degree  of  Public  Response .  4-8 

Chapter  5 

Summary  of  Examples .  5-1 

Appendix  A 

Examples  of  Local  Flood  Warning  Systems .  A-l 

Howard  County,  Maryland .  A-l 

New  Braunfels,  Texas .  A-9 

Santa  Ynez  River .  A-18 

Wise  County,  Virginia .  A-28 

Swatara  Creek  Flood  Warning  System .  A-37 

Lycoming  County,  Pennsylvania .  A-44 


EFFECT! VFNESS  <)1  1  LOUD  WARNING  AND  PREPAREDNESS 

ALTERNATIVES 

CHAPTER  1 

INTRODUCTION 


Federal  planners  dealing  with  projects  for  flood 
loss  reduction  are  required  to  consider  nonstructura 1 
measures  and,  in  some  cases,  to  formulate  nonstructura 1 
plans.  These  requirements  are  relatively  recent  and  the 
state-of-the-art  for  planning,  designing  and  evaluating 
most  types  of  nonstructura)  measures  is  still  rudi¬ 
mentary,  The  experimentation  which  has  taken  pi  act'  to 
date  in  formulation  and  evaluation  of  nonstructura  1 
plans  indicates  the  range  of  techniques  available  to 
the  planner  is  not  so  large  as  was  thought  only  a  few 
years  ago.  It  appears  that  only  a  few  types  of  nonstruc- 
tural  measures  will  prove  in  practice  to  be  physically 
and  economically  feasible  for  widespread  use. 

Community  level  flood  warning  and  preparedness 
programs  have  emerged  as  one  of  the  most  promising 
nonstructura!  alternatives.  They  appear  to  be  economi¬ 
cally  feasible  in  most  situations  for  which  they  have 
been  considered  and  the  hardware  and  technology 
needed  for  their  use  is  available.  In  addition,  the 
concepts  and  procedures  for  plan  formulation  are 
relatively  well  developed.  These  indications  of 
practicality  are  corroborated  by  the  fact  that  several 
hundred  community  level  flood  warning  and  preparedness 
programs  of  one  type  or  another  are  already  established 
and  operating  in  the  United  States. 

The  fundamental  concept  of  flood  warning  and 
preparedness  alternatives  is  that  the  adverse  impacts 
of  flooding  can  be  reduced  if  information  concerning  an 
impending  flood  is  made  available  on  a  timely  basis  and 
if  plans  and  procedures  for  mitigating  actions  exist 
and  are  carried  out.  Alternatives  which  fully  implement 
this  concept  can  be  designed  to  meet  a  variety  of 
objectives.  The  broad  objectives  which  they  normally 
address  are: 

1.  Reduction  of  injuries  or  deaths  caused 
directly  by  floods; 


2.  Reduction  of  damage  to  movable  property 

caused  direct ly  by  floods: 

a.  Reduct  ion  of  injuries,  deaths  and  propert y 

damage  caused  by  secondary  problems  related 
to  flooding  (  e  .  g  .  ,  f i re ,  explosion,  cont  amina- 
t  ion  of  water  suppl  i es  I  :  and 

4-  Reduction  of  related  costs  no,  tied  direct  ly 

to  property  damages  or  losses  from  secondary 
p  rob  1 ems . 

Also,  flood  warning  and  preparedness  alternatives 
or  parts  of  such  alternative's  can  and  often  do  serve 

add  i  t  ional  object  i  ves .  For  example,  in  some  local  pro¬ 
grams,  the  system  for  collect  ion  and  analysis  of 
hydrologic  and  hydraulic  informat  ion  is  also  used  to 
assist  in  day-to-day  operat  ion  of  water  control  struc¬ 
tures.  The  specific  object  i ves  to  be  served,  along  with 
tht'  nature  of  the  area  to  be  protected  and  character  of 
the  flood  threat,  largely  determine  the  activit i es  to 
be  included  and  t  h('  techniques  to  be  employed  in  a 
particular  flood  warning  and  preparedness  alternative. 

Notwithstanding  the  considerable  interest  in  flood 
warning  and  preparedness  alternative's  which  have  been 
generated  by  their  apparent  utility  and  economic 
feasibility,  their  cons i derat  ion  as  recommendab 1 e  parts 
of  flood  plain  management  for  federal  cost  sharing  has 
been  inhibited  by  concern  about  their  effectiveness. 
Ibis  concern  stems  from:  a)  the  need  for  flood  warning 
and  preparedness  alternatives  to  function  under  adverse 
meteorological  and  hydrological  conditions;  and  b)  t  he 
dependence  for  their  success  on  appropriate  responses 
to  warnings  bv  individuals,  property  owners  and 
managers,  and  various  public  and  private  organizations. 

PPR  POSTS  AND  IN  UNDID  I’SFS  OF  RF  PORT 

i  he  purposes  of  this  report  are  to  shed  light  on 
the  quest  ion  ot  the  el  feet  iveness  of  flood  warning  and 
preparedness  alternat  i ves  and  to  suggest  means  of 
improving  effect  iveness. 

Among  other  things.  it  provides  guidelines  for- 
evaluating  flood  warning  and  preparedness  arrangements 
which  already  exist  for  a  part  icular  locale.  The  need 


for  consideration  of  a  community  -  level  warning  and 
preparedness  alternative  is  too  often  neglected  or 
rejected  by  local  officials  on  the  basis  of  an  unjust  i- 
fied  assumption  that,  it  could  provide  no  protect  ion  or 
benefits  beyond  that  already  available  from  the  combina¬ 
tion  of  the  regular  forecast  ing  services  of  the 
National  Weather  Service  and  a  community's  exist  ing 
general  plan  of  emergency  act  ion.  I  he  report  's  discus¬ 
sion  of  effectiveness  provides  some  suggest  ions  of  what 
to  look  for  in  judging  the  adequacy  of  exist  ing  arrange¬ 
ment  s  . 

I’he  report  is  also  intended  as  an  aid  to  t  hose 

considering  the  investigation,  formula! ion  and  evalua¬ 
tion  of  a  community  level  flood  warning  and  prepared¬ 

ness  alternative.  Planners  should  find  the  material  in 
the  report  useful  in  the  preliminary  evaluat  ion  of 
whether  warning  and  preparedness  is  a  viable  concept 
for  the  case  at  hand,  identification  of  the  matters  to 
be  dealt  with  in  investigation  and  plan  formulat  ion. 
and  decision  about  the  necessary  level  of  detail  of 

planning.  In  addition,  planners  should  find  t he 
material  useful  in  responding  to  t he  concerns  and 

inquiries  of  non-federal  interests  about  warning  and 
preparedness  a  1 ternat i ves . 


SCOPE 

Flood  warning  anc)  preparedness  al  ternat  i  ves  a  re 
applicable  to  a  variety  of  situations  including 
riverine  and  coastal  flooding,  and  to  various  causes  of 
flooding  including  that  from  dam  or  levee,  failure  and 
snowmelt  as  well  as  from  heavy  rains.  However,  interest 
in  the  use  of  warning  and  preparedness  al  ternat  i  ves 
centers  at  present  on  riverine  flooding.  lhat  is  also 
the  application  for  which  the  most  progress  has  boon 
made  in  development  of  design  and  evaluat  ion  concepts 
and  for  which  the  most  information  and  examples  are 
available. 

The  scope  of  the  report  is  limited  to  t ho  case  of 
floods  (flash  and  non-flash  I  in  riverine  situations 
which  come  with  excessive  rainfall.  Other  types  of 
situations  and  other  causes  of  flooding  are  not  specifi¬ 
cally  addressed.  However,  much  of  what  is  presented  in 
the  report  is  appl i cable  to  other  types  of  cases. 


CHAPTER  2 


El. EMESIS  OE  FLOOD  WARNING  AND  PREPAREDNESS  ALTERS A'l  1 VFS 


Flood  warning  and  preparedness  alternat  ives  may  be 
conveniently  divided  into  four  major  elements,  namely 
t  he  : 

1.  Flood  Recognition  System; 

2.  Warning  Arrangement s ; 

3.  Preparedness  Plan;  and 

4 •  Maintenance  Arrangements. 

THE  FLOOD  RECOGNITION  SYSTEM 

The  purpose  of  the  flood  recognition  system 
portion  of  a  warning  and  preparedness  alternative  is  to 
determine  if  a  flood  is  impending  and  predict  the  t  i me 
of  its  occurrence  and  its  magnitude.  The  flood  recogni- 
t  ion  st  ep  is  vital  t  o  a  warning  and  preparedness 
program  because  it  provides  the  basic  informat  ion  on 
which  decision-making  and  action  rests.  I  able  I 
describes  the  principal  approaches  to  flood  recogni¬ 
tion,  and  the  types  of  systems  usually  employed.  Brief 
descriptions  are  also  included  concerning  the  character¬ 
istics  of  each  type  of  system. 

Flood  recognition  systems  which  are  limited  to 
just  the  basic  provisions  for  collecting  and  analyzing 
local  precipitation  and/or  streamflow  data  arc  often 
inadequate.  Unless  the  system  includes  at  least  some 
self-reporting  gages,  flash  flood  alar-ms,  or  provisions 
for  continual  monitoring,  it  may  be  possible  for  rains 
at  night  or  in  some  remote  part  of  the  drainage  area  to 
go  without  official  not  ire  for  a  considerable  period  of 
time.  The  result  ing  late  act  i vat  ion  of  the  data  col  lec¬ 
tion  system  may  cause  a  significant  reduet  ion  in 
warning  t,  i  me  . 

Data  collection  systems  which  are  operated 
continuously  or  which  are  act  ivated  prompt ly  when  rains 
begin  may  still  be  too  limited  since  they  only  provide 
predictions  based  on  rainfall  or  stream  levels  which 


2-1 


have  already  occurred.  In  small  .  steep  basins  sub  ject 
to  flash  floods,  travel  t  i  me  s  may  be  so  short  that 

warning  t  imes  bast'd  on  such  informat  ion  are  inadequate. 

Also,  of  course,  measurement  of  pree i pi t  at  ion  or  stream 
levels  gives  no  informat  ion  about  whether  rains  are 
likely  to  increase  or  how  long  they  may  rout  i nue . 
Persons  planning  protect  ive  steps  which  involve 

considerable  t  i me  to  execute  may  be  caught  in  a  di  lemma 
with  regards  to  init  iat  ittg  act  ion. 

1  hese  types  of  problems  can  be  mit  i  gated  to  a 
significant  extent  by  supplement  ing  local  flood  recogni¬ 
tion  systems  with  provisions  for  keeping  abreast  of 
weather  condit  ions  on  a  regional  basis.  1  be-  means 
usually  employed  include'  arrangements  for  provision  of 
information  from  adjacent  governmental  units  or  for 
access  to  Nat  i ona  1  Weather  Service  releases.  Access  to 
the  NWS  re  least's  makes  avai  I  able  longer  range  forecast  s 

based  on  satellite  imagery.  synopt  ic  data  and  radar. 
Access  to  NWS  releases  is  usual  ly  through  use  of  NO.VA 
weather  radios  or  subscript  ion  to  a  teletype  service. 

WARN  I  Nt;  ARRANT. I-  Ml  N  I  S 

Ihe  purpose  of  the'  warning  arrangements  port  ion  of 
a  flood  warning  and  preparedness  alterant  i \ e  is  to 
assure  flood  predict  ions  and  necessary  instruct  ions  are 
made  available'  t  ei  affect  e'd  part  ies.  I  able  2  summarize--, 
tbe'  various  cat  e'ge.r  i  e's  of  warning  arrangement  s  and  t  be¬ 
moans  e>f  dissnminat  ie.n  usual l \  I'ltiployed  in  eae  li  . 
(Omme'nt  s  are  also  i  ne  ■  hided  de'seribing  perl  ine'nt  eharae 
I  er  i  si  ics  nt  the1  various  warning  iirranaeme'iit  s  and  means 
ot  warning  disseminat  ion. 

I  I  oe.d  warning  arrangemi'iit  s  must  pr<>\  iele  im 
sevt'ra  I  basic  ae  - 1  i  v  i  t  ies  i  n<-  I  ud  i  ng  :  at  determining 
whet  hi'r  the'  predict  ie.n  de've'  I  ope'd  through  the  flood 
rece.gnit  ion  syste'in  warrants  issuance'  of  a  warning:  hi 
deriding  the'  spe-cific  warning  message  t  e.  he-  issued:  and 
el  de'  1  i  ve'  r  y  o  I  the'  warning  mes  sa  g<  -  to  its  intended 
recipients.  I  he ■  basic  d  i  t  t’e  - re'ne  - es  liet  ween  warning 
systems  with  respect  t  e>  he.w  t  lie'  si-  at  t  i  \  i  I  ies  are 
organized  roncern  the1  assignment  eif  re-s  pon  s  i  h  i  I  i  t  \  lot 
decision-making,  whet  her  or  nett  the-  system  is  "staged", 
the-  degree  of  ref  i  nement  e>f  the-  warning  proe  e-clu  re  s  .  and 
the-  means  of  disseminat  ing  warnings. 


Flood  warning  and  preparedness  alternat  ives 
usually  provide  for'  at  least  a  part  of  the  decision- 
making  regarding  issuance  of  warnings  to  he  closely 
allied  with  coordination  and  operation  of  the  data 
collection  network  and  preparation  of  flood  predic¬ 
tions.  If  information  and  data  collected  through  a 
local  flood  recognition  system  are  provided  to  the 
National  Weather  Service  for  analysis  and  preparation 
of  the  flood  prediction,  that  agency  is  normally 

depended  on  for  the  origination  of  warnings.  in  that 
event,  warnings  are  usually  released  over  television 
and  radio  at  the  discretion  of  the  NWS  and  given 
directly  by  that  agency  to  some  local  official  by 

telephone,  telegraph,  radio  or  another  available  means. 
Local  officials  must  then  complete  the  decision-making 
process  bv  deciding  whether  or  not  to  mount  any  further 
warning  dissemination  effort. 

If  the  analysis  of  data  and  preparat  ion  of  the 
flood  prediction  is  performed  locally,  decisions  about 
warning  dissemination  are  usually  made  entirely  by 

local  officials.  In  this  case,  the  major  variation  in 

assignment  of  responsibility  concerns  whether  t In¬ 
decision  to  issue  and  disseminate'  warnings  is  made  by 
one  person  or  through  a  chain  of  command,  lath  approach 
has  advantages  and  drawbacks.  I  he  review  provided  by 
moving  decisions  through  a  chain  of  command  sei  '  os  to 
reduce  errors  and  hasty  judgments.  However.  it  may 
seriously  affect  the  timeliness  with  which  warnings  are 
finally  made  available. 


Staging  of  Warnings 

It  is  important  that  flood  warnings  issued  to  t ho 
public  are  timely  and  accurate.  Warnings  which  are 
received  too  late  are  of  little  or  no  value.  Warnings 
which  are  significantly  in  error  may  cause  unwarranted 
complacency  or  result  in  expensive  and  troublesome 
overreaction.  Shortcomings  of  either  type  erode  t  ho 
credibility  of  future  warnings. 


Warnings  can  generally  be  made  more  accurate  by- 
postponing  their  release  until  flooding  is  imminent  and 
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an  area 


I  ho  need  tor  t  i mo  I  inoss  frequent  Iv  varies 
t  h  r  otijihou  t  the  area  served  by  a  warn  in”  and 
pfopari'dnoss  alternat  ivo.  I  pst  roam  port  ions  of  an  area 
mat  nood  warn  inns  considerably  in  advance  of  those 
further  downstream.  And  the  occupants  of  the  lowest- 
lyin”  I'lootl  plains  usual  It  need  warninus  earlier  in  a 
flood  t'pi  smlo  than  those  at  higher  o  I  o  v  a  t  ions.  <  1 1  he  r 
variat  ions  may  occur  depend  i  it”  on  whether  the  area  is 
rural  or  urban.  resident  ial  or  commercial,  or  whether 
topography  and  other  factors  make  movement  to  safety  an 
east  or  d  i  f  f  i  on  I t  task. 


t  imo I inoss  frequent  Iv  varies 

served  by  a  warn  in”  and 
■  .  I  pst  roam  port  ions  of  an  area 
si  derail  lx  in  advance  of  those 
I  t  he  occupant  s  of  t  he  lowest- 
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I  ho  nood  for  t  imo I  inoss  also  depends  on  the  nature 
of  certain  act  iv it  ios,  the  do”roo  of  risk  presented  hv 
a  f  I  ood .  and  the  length  of  (  imo  ro(|u  i  rod  to  take 
preparedness  act  ions.  I’uhlic  officials.  emeruoncy 
a acne i os  .  hosp i t  a  l  s  .  schools.  ja  i  Is.  certain 


preparedness  act  ions.  I’uhlic  officials.  emeruonev 
services  agencies.  hosp i t  a l s .  schools.  jails.  certain 
industries.  invalids  and  others  may  nood  far  lon”er 
warn  in”  t  imes  than  the  uoneral  populat  ion  to  take 


warn  t  nj> 
what  ever 
emeryonc v 


act  ion 


•  \ poet od  of 


I  I  ood 


I  he  accuracy  required  to  make  a  flood  warn  in” 
valuable  also  (I  i  f  fers  with  res  pec  t  to  party.  Imut  inn. 
act  ivity,  and  other  factors,  lor  example .  dot  erminat  ion 

that  overhank  flows  will  occur  may  ho  adequate  for  some 
very  low  -  Ivin,”  areas  oven  in  the  absence  of  ant 

accurate  informal  ion  as  to  the  eventual  maximum  heiyht 
ot  the  flood  crest  .  Occupants  of  hiyher  areas  max  he 
reluctant  to  take  act  ion  unless  it  is  re  I  at  ivo lx 
certain  that  the  flood  w  i  I  1  af  feet  their  properl  x  . 
Also.  for  example.  public  officials  and  private 
property  managers  may  have  available  some  preparedness 
act  ions  which  do  not  involve  significant  expense  and 
which  can  therefore  bo  taken  on  the  basis  of  prelimi¬ 

nary  warnings  while  undertakin”  the  commitments 
involved  in  other  act  ions  may  requ i re  more  certain 

knowledge  t  h.ft  flooding  will  occur. 
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All  of  t hose  diverse  needs  for  t  imeliness  and 
accuracy  cannot  often  he  sat  isfied  by  issuance  of  a 
single  "flood--no  flood"  announcement.  Rcconciliat  ion 
of  the  several  needs  is  usually  accomplished  through 
staging  of  the  warning  arrangements.  .Staging  provides 
for  identification  of  several  "levels",  "stages".  or 
"conditions"  of  flood,  usually  based  on  combi nat  ions  of 
the  certainty  of  the  flood  occurring  and  the;  magnitude 
of  the  anticipated  flows.  A  simply  staged  warning  plan 
may  provide*  as  few  as  three  stages  corresponding  to 
normal  ( ne>  flood  expected).  pre-emergency  (potential 
flooding),  and  emergency  (flooding  certain  or  underway ) 
situat  ions.  Other  systems  may  provide  a  half-do/en  or 
more  stages  developed  differently  for  each  of  se*ve*ral 
sub-areas. 

No  single*  pattern  of'  staging  is  universally 
applicable  for'  flood  warning  arrangements.  What  is 
appropriate  in  a  part  icular  case  depends  on  local 
preference  as  we*  1  1  as  topographic*,  hydrologic, 
developmental  and  other  considerations.  1  he*  staging 
must  also  mesh  with  the*  arrangements  for  warning 
dissemination  and  the  preparedness  plan. 

De*gre*e*  of  Refinement  e>f  Warning  Procedures 

Warning  arrangements  may  be  very  basic  in  some* 
situat  ions.  For  example,  It  might  only  be*  necessary  in 
the  case  of  a  small  community  for  a  police  or  fire 
dispatcher  to  turn  on  a  community  siren  when  an 
upstream  water  leve I  sensor  indicates  a  flood  is 
imminent  ,  But  even  then,  prudence  suggests  that  there 
be  some  established  procedure  or  standing  order  so 
experienced  staff  are  reminded  and  new  personnel  are 
made  aware  of  the  act  ion  to  be  taken  and  instructed  in 
its  accomplishment .  In  most  arras,  the  warning  arrange¬ 
ments  are  far  more  complex  and  involve  a  number  of 
people*  and  organizations  which  must  act  in  harmony  if 
warnings  are  to  be  properly  distributed  to  their* 
intended  recipients.  The  procedures  to  guide  their 
coordinated  actions  must  be  correspondingly  more  de¬ 
tail  ed  . 

The  actions  which  must  be  taken  to  carry  out  a 
warning  process  are  dictated  by  what  is  to  be 
accomplished.  The  options  available  to  the  planner  in 
preparing  the  necessary  procedures  concern  the  detail 
and  fullness  of  the  instructions  for  these  actions. 
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Procedures  for  even  complex  warning  plans  may  vary 
with  respect  to  their  detail.  Objective  oriented 
procedures  may  only  ident  ify  what  overall  act  ions  are 
to  be  accomplished  and  leave  the  manner  of  accomplish¬ 
ment  to  the  discret  ion  and  innovat  ion  of  the 
responsible  party.  For  example,  procedures  might  only 
instruct  the  person  responsible  for  issuing  warnings  to 
"review  flood  predictions  and  issue  warnings  as 
appropriate".  A  more  detailed  procedure  might  provide  a 
basis  for  review  through  the  use  of  decision  criteria 
couched  in  terms  of  predicted  flood  magnitude. 
Additional  detail  could  be  added  to  procedures  by 
including  lists  of  persons  and  their  alternates  to  be 
Issued  warnings,  provision  of  telephone  numbers  and 
addresses,  and  wording  of  the  warning  message(s)  to  be 
used.  These  same  sorts  of  refinements  can  be  included 
or  not  included  in  other  port  ions  of  the  procedures  to 
vary  their  level  of  detail. 

Procedures  can  also  be  made  fuller  and  potentially 
more  valuable  through  inclusion  of  information  which 
may  prove  useful  to  deal  with  contingencies.  This  may 
include  names  and  telephone  numbers  of  staff  in  federal 
and  state  disaster  offices,  listings  of  private 
contractors  with  potentially  useful  equipment  .  maps  and 
plans,  and  mutual  aid  agreements. 

The  function  of  written  procedures  is  to  insure  no 
serious  errors  or  omissions  are  made.  In  deciding  their 
appropriate  level  of  detail  and  fullness,  it  must  be 
borne  in  mind  that  the  warning  arrangements  are  likely 
to  be  executed  under  stressful  and  hurried  conditions. 


PREPAREDNESS  PI  AN 

The  preparedness  pi  art  is  an  important  part  of  any 
alternative  since  it  normal ly  provides  a  large  share  of 
the  benefits  which  justify  expenditures  on  the  flood 
recognition  system  and  warning  arrangement s .  As  noted 
in  Chapter  1,  the  objectives  to  which  flood  prepared¬ 
ness  plans  are  most  often  addressed  include  safety  from 
primary  and  secondary  risks  related  t  o  flooding,  reduc¬ 
tion  of  damages  from  primary  and  secondary  risks,  and 
reduction  of  costs  other  than  those  result  ing  from 
direct  flood  damages.  Table  3  describes  the  major 
components  of  preparedness  plans  and  the  types  of 
actions  making  up  each  component  . 
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Role  of  Government  in  Plan  Ixecut  ion 


Some  parts  of  a  flood  preparedness  plan  require 
governmental  partieipat  ion  for  proper  exerut  ion.  lot- 
example,  private  eit  i/en.s  and  private  organ  i /at  ions 
cannot  ordinarily  disperse  emergency  equipment,  provide 
effective  traffic  control ,  or  modify  the  normal  opera¬ 
tion  of  utility  systems.  However.  individuals  arid 
private  organizations  can  he  left  wholly  responsible 
for  their  own  evacuat  ion,  temporary  relocat  ion  of  their 
movable  property,  care  and  shelter  of  evacuees.  and 
contingency  floodproofing  of  private  homes  and  other 
f  ac i 1 i t i es . 

Some  of  the  activities  which  could  bo  left  for 
private  sector  performance  can  be  done  better  b\ 
government  or  with  governmental  assistance.  lor 
example,  evacuation  might  be  more  completely  and  more 
rapidly  accomplished  if  busses  from  the  local  transit 
system  were  made  available.  While  care  of  evacuees 
could  perhaps  be  provided  by  individuals,  churches,  and 
service  organizations,  it  might  be  simplified  if  the 
kitchens,  showers  and  other  facilities  of  schools  were 
used.  And  even  though  individuals  could  perhaps  move  a 
significant  amount  of  their  property  out  of  a  flood's 
path,  local  government ' s  provision  of  a  secured  storage 
area  could  be  important  to  the  success  of  such  an 
effort . 

Opportunities  for  more  or  less  governmental 
involvement  exist  for  many  aspects  of  preparedness 
plans.  Selection  of  the  appropriate  level  of  governmen¬ 
tal  participation  constitutes  a  major  policy  decision 
in  plan  formulation.  The  decision  must  ,  of  course,  be 
tempered  by  the  amounts  and  types  of  personnel  and 
physical  resources  available  to  local  governments  and 
the  priority  assigned  to  the  plan's  various  objectives. 


Format  of  Plans 


The  numerous  activities  of  various  part i os  which 
go  into  making  up  a  preparedness  plan  lend  themselves 
to  presentation  in  a  variety  of  formats.  The  three  most 
popular  formats  are  organization  of  the  material  by:  a) 
agency  or  organization;  b)  stage  of  emergency  or  pre¬ 
dicted  flood  level;  and  e)  subplans  for  groups  of 
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related  activities*.  None  of  the  potential  ways  of 
organizing  the  plan  is  particularly  superior  to  others 
and  the  choice  is  largely  one  of  what  works  best  for 
the  case  at  hand.  The  more  important  point  is  that  the 
plan  must  set  forth  in  unmistakably  clear  language  what 
is  to  be  done,  when  or  under  what  conditions  each 
action  is  to  be  taken,  and  who  is  responsible  for  its 
accompl i shment . 

Preparedness  plans  are  action  documents  intended 
for  use  under  emergency  conditions.  This  suggests  that 
the  plan  be  stripped  of  nonessential  information, 
indexed  and  otherwise  put  together  in  a  way  which 
facilitates  its  convenient  use.  It  should  also  be 
recognized  in  selecting  a  format  for  the  plan  that  the 
intended  participants  in  execution  of  the  plan  have 
differing  needs  for  guidance.  While  a  civil  defense 
director  responsible  for  orchestrating  the  community¬ 
wide  response  to  a  flood  has  need  for  the  whole  plan, 
the  water  plant  supervisor  may  need  only  the  instruc¬ 
tions  pertinent  to  operation  of  that  utility.  Some 
formats  of  plan  presentation  are  better  adapted  than 
others  to  meeting  these  varying  needs  for  information. 

MAINTENANCE  ARRANGEMENTS 


The  objectives,  procedures,  equipment,  agreements 
and  other  things  composing  a  flood  warning  and  prepared¬ 
ness  alternative  require  periodic  attention  if  the 
effectiveness  of  the  overall  alternative  is  to  be 
preserved.  The  function  of  the  maintenance  arrangements 
portion  of  a  flood  warning  and  preparedness  alternative 
is  to  provide  that  necessary  attention.  The  activities 
making  up  the  maintenance  arrangements  can  be  sub¬ 
divided  into  those  for  updating,  testing,  and  education 
and  information. 


Updat i ng 


Updating  is  primarily  a  planning  activity  aimed  at 
identifying  and  making  modifications  in  the  plan  which 
are  needed  because  of  particular  events  which  have 
taken  place  or  because  of  the  accumulation  of  minor 
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changes  which  have  occurred  over  time. 

The  portions  of  plans  most  likely  to  requite 
updating  are  the  minor  items  such  as  names  and 
telephone  numbers  and  those  items  of  an  expressly 
limited  life  such  as  contracts  or  memoranda  of  under¬ 
standing.  However,  other  needs  for  updating  may  also 
arise  which  are  more  complex  and  which  require  that 
some  extent  of  replanning  be  done.  For  example,  changes 
in  land  use  in  the  watershed  above  a  protected  area  or 
installation  of  upstream  water  control  structures  may 
change  the  timing  or  extent  of  the  flood  risk. 
Likewise,  community  growth  or  new  development  in  the 
protected  area  may  modify  the  flood  hazard.  Lven 
changes  in  public  attitude  may  result  in  a  need  to 
modify  plans  so  as  to  make  them  serve  some  additional 
or  other  objective. 

The  appropriate  frequency  of  updating  depends  upon 
the  importance  of  the  portion  of  the  plan  being 
considered,  the  penalty  of  relying  on  outdated  informa¬ 
tion  of  various  types  and  the  resources  required  for 
updating. 


Testing  refers  primarily  to  equipment,  supplies, 
and  other  material  items.  Examples  of  testing  activi¬ 
ties  include  checking  inventories  of  emergency 
supplies,  testing  gages  and  communication  links, 
periodic  trial  of  sirens  and  occasional  operation  of 
auxiliary  generators. 

The  desirable  frequency  of  testing  depends  on  how 
often  an  item  is  used  during  the  regular  course  of 
activities,  its  vulnerability  to  failure,  the  item's 
importance  to  the  success  of  the  alternative,  and  the 
resources  required  for  testing. 

Education  and  Information 

Most  preparedness  plans  depend  to  some  extent  on  a 
knowledgeable  public.  At  a  minimum,  the  public  may  be 
expected  to  know  that  some  preparedness  plan  and 
warning  system  exists  and  to  recognize  a  particular 
signal.  They  may  also  be  expected  to  know  evacuation 


2-12 


routes,  the  loeat  ion  of  safe  refuges  and  other  informa¬ 
tion.  local  officials  and  designated  participants  in 
t  he  operat  ion  of  the  alternat  ive  are  usually  expected 
to  have  detailed  knowledge  about  some  parts  of  the 
alternative  and  t  he  skills  necessary  to  carry  out  their 
r  ii  I  e  . 

Assuming  that  people  have  t  lie  knowledge  and  skills 
would  be  imprudent  unless  there  is  an  educat  ion  and 
information  program.  Several  types  of  act  ivit  ies  may  be 
necessary  including  programs  for  general  public  aware¬ 
ness,  training  sessions  for  officials.  and  pract  ice 
sess ions . 
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CHAPTER  3 


CRITERIA  FOR  EFFECTIVENESS 


The  principaL  criteria  for  judging  the  effective¬ 
ness  of  flood  warning  and  preparedness  alternatives  are: 

Comprehensi veness; 

Rea  1 i sm : 

Reliability; 

Accuracy;  and 

T i me  1 i ness . 

Table  4  lists  the  aspects  important  to  each  of  the 
criteria  and  items  to  be  considered  in  evaluating  each 
aspect.  . 

APPROACHES  TO  IMPROVING  RELIABILITY 

Reliability  is  one  of  the  more  difficult  criteria 
to  meet.  However,  the  planner  has  five  general 
approaches  available  for  promoting  reliability  includ¬ 
ing:  a)  redundancy;  b)  separation  of  systems;  cl 
fail-safe  design;  d)  detailed  design;  and  e)  checking 
and  confirmation. 


Redundancy 


Redundancy  relic's  on  having  enough  back-up  provi¬ 
sions  for  critical  parts  of  the  flood  warning  and 
preparedness  alternative  that  the  probability  of  their 
simultaneous  failure  is  limited  to  an  acceptably  low 
level.  Examples  of  redundancy  include: 

1.  Use  of  more  than  the  minimally  required 
number  of  precipitation  and  stream  level 
observers  and/or  observation  sites  to  guard 
against  unavailability  of  data  due  to  vaca¬ 
tion,  sickness  or  other  factors  related  to 
observers  or  malfunct  ion  of  ait  automat  ic  gage; 
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Stockpi  I  in,”  ot"  spare  equipment  and  suppl  ie 
required  for  essent ial  art  ivit  ies: 


Provision  of  auxiliary  power  sources;  and 


Provision  of  multiple'  means  of  carry  ing  out 
part  i  collar  tunc  t  ions  such  as  common  it  at  ions 
among  participants  and  disseminat  ion  ot  warn- 
i  ngs  . 


Hie  foregoing!  a  re  only  i  1  lust  rat  ions  and  not  by 
any  means  the'  sole*  applicat  ions  ot’  redundency  .  Manx 
other  aspects  of  flood  warning  and  preparedness  alterna- 
t  ives  arc'  suited  to  use  ot'  redundancy  to  promote 
re  1  i ah i  1  i  t  v  . 

1  In'  need  to  incorporate  redundancy  in  flood  warn¬ 
ing  and  preparedness  alternatives  and  the  appropriate 
extent  of  redundancy  depends  on  the  vulnerability  to 
failure  of  the  alternative's  main  components  and  their 
importance  to  achieving  the'  object  ives  of  tlu>  alterna- 
t  ive.  Critical  parts  of  the'  alternat  ive  warrant  first 
attention  with  respect  to  provision  of  back-up  arrange¬ 
ments.  Several  levels  of  back-up  may  be  required  it'  the 
back-up  systems  also  arc'  relatively  vulnerable  to 
f a i In re . 


Separation  of  Systems 


The  object  ive  of  system  separat  ion  is  to  ensure 
that  a  failure  of  some  part  icular  type'  such  as  disrup¬ 
tion  of  telephone  service,  loss  of  an  antenna, 
malfunction  of  a  computer  or  loss  of  electrical  power 
does  not  cause  total  failure'  of  the'  flood  warning  and 
preparedness  alternat  ive  or  any  of  its  cr it  ieal  parts. 
The  concept  of  separat ing  systems  is  part  icularly 
cogent  with  respect  to  the  use  of  redundant  systems  for 
such  things  as  the'  means  of  collect  ing  data,  transmit¬ 
ting  information,  and  making  the'  flood  predict  inn.  lor 
example,  if  back-up  systems  for  some'  limct  ion  operate' 
from  the  same'  power  source'  as  the'  primary  syst  cm  for 
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1  ho  period  between  floods  may  ho  I  mi"  and  there 
may  ho  a  significant  risk  that  data  col  I  r  c  t  ion  equip- 
mo  n  t  \s  i  1  1  tall  into  disrepair  and  that  memories  of 
opor.it  ing  procedures  and  analytical  techniuues  i\  i  I  1 

dim.  I  his  degrnerat  ion  of  the*  flood  learning  and  pre¬ 
paredness  altern.it  i  ve  may  happen  without  not  ice  and  he 
discovered  only  when  an  emergency  occurs  that  requires 
use  of  the  equipment  and  procedures. 

lhese  sorts  of  problems  can  and  should  be  elimina¬ 
ted  through  ccuist  ient  ions  conduct  at'  a  comprehensive 
maintenance  program.  However.  concepts  of  fail -safe- 
design  also  provide  two  ways  to  deal  with  (hem.  first  . 
equipment  packages  can  often  he  designed  t  o  he-  self- 
monitoring  and  to  provide-  not  ice-  of  any  internal 
malfunction.  this  type  of  fail-safe  design  is  particu¬ 
larly  re- levant  to  flash  flood  Alarms  and  other 

e I et  romeohan i ca  1  equipment  .  \  second  approach  to  fail¬ 

safe  design  hinges  on  reversing  the  normal  concept  of 
t  lie  flood  recognit  ion  system  and  viewing  it  as  a  means 
ot  assuring  that  a  flood  is  not  imminent  .  Any  mu  1  - 

function  or  out  -cif-t  lie-ord  i  nary  event  is  then  treated 
as  if  it  signalled  an  impending  flood.  1  he-  result  of 
this  approach  is  a  need  for  emit  i  minus  operat  ion  of  at 
least  a  part  of  the-  flood  recognit  ion  system,  fai  1 -safe- 
design  of  this  type  is  part  itul.it  I  >  relevant  to 

procedures  for  bringing  the  flood  recognit  ion  system  to 
fully  act  i  vc-  status  and  for  early  alert  ing  of’  local 

oft ieials  and  emergency  services  agencies. 

Pet  a i  I od  Dos i gn 

Many  parts  of  a  comprehensive  flood  warning  and 
preparedness  a  1  t  ernat  i ve  cannot  he  tested  or  pract  iced 
under  the  actual  conditions  expected  to  prevail  at  t  li  e 
t  i  me-  they  arc-  needed.  I  his  opens  performance  to  a 
variety  of  problems  stemming  from  i  ne.dequat  e  I  y  detailed 
analysis  and  design. 
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Proper  t'ormuiat  ion  of  a  warning  and  preparedness 
alternat  ive  requires  a  good  knowledge  of  the  area  at 
risk  with  respect  to  its  important  characteristics,  F  or 
example,  it  makes  a  difference  in  formulation  of  the 
arrangements  for  warning  dissemination  if  the  area  at 
risk  includes  an  enclave  of  persons  who  do  not  own 
radio  or  television  set  s  for'  religious  or  (other 
reasons.  Or,  for  instance,  what  goes  into  effective 
arrangements  for-  evacuation  may  differ  radically 
between  suburban  areas  where  most  families  have  at 
least  on e  vehicle  and  central  cities  where  ownership  of 
a  private  vehicle  may  he  the  exception.  As  a  further 
example,  resort.  areas  with  high  daily  populations  of 
transients  pose  quite  a  different  problem  of  giving 
instructions  about  reaching  areas  of  safety  than  do 
communities  made  up  of  permanent  residents  who  can  be 
reached  more  easily  through  continuing  education 
programs  and  who  can  better  comprehend  descriptions  of 
routes  and  destinations. 

it  is  also  essential  for  the  planner  to  have  a 
detailed  understanding  of  the  potential  causes  and 
types  of  flooding  against  which  the  flood  warning  and 
preparedness  alternative  is  to  provide  protection. 
Flood  recognition  systems  designed  to  identify  only 
flooding  of  the  slowly  occurring  type  caused  by 
sustained  rainfall  can  differ  significantly  from 
systems  aimed  at  identifying  flash  floods  caused  by 
small  intense  thunderstorms.  Similarly,  the  potential 
rate  of  rise  and  ultimate  height  of  flood  waters 
affects  the  time  which  may  be  available  for  warning 
dissemination  and  response  and  the  area  to  be  included 
in  a  response  plan.  Whether  or  not  flood  flows  will 
contain  debris,  their  velocity  and  other  characteris¬ 
tics  may  all  be  valuable  clues  as  to  how  the  warning 
and  preparedness  alternative  should  be  formulated. 

These  various  types  of  opportuni t ies  for  error  due 
to  lack  of  knowledge  about  the  situation  continue 
throughout  the  formulation  and  design  of  both  technical 
and  other  aspects  of  flood  warning  and  preparedness 
alternatives.  The  cure  for  these  sorts  of  problems  is 
analysis  and  design  at  a  level  of  detail  commensurate 
with  the  intended  importance  and  effectiveness  of  the 
product . 
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Checking  and  Confirmation 

Flood  warning  and  preparedness  alternatives  must 

often  be  executed  on  short  notice,  at  late  night  hours, 
and  under  rushed  conditions.  These  sorts  of  adverse 
condit  ions  entourage  mistakes  and  poor  judgment  .  Even 
simple  errors  such  as  transposition  of  numbers  in  a 
piece  of  data  may  have  serious  repercussions.  And 
despite  other  safeguards,  equipment  may  give  erroneous 
reports  as.  for  example,  an  automatic  gage  that  sends  a 
false  signal  due  to  a  lightning  strike  in  its  vicinity. 

Sending  a  warning  message  over  the  airwaves  does 

not  assure  that  it  will  be  received.  Neither  does 
successful  delivery  of  a  message  assure  its  import  is 
recognized  and  its  purpose  comprehended.  And  issuance 
of  a  directive  does  not  necessarily  mean  the  specified 

actions  are  carried  out  properly  or  even  at  all.  Many 

such  opportunities  exist  for  incomplete  performance. 

To  guard  against  these  types  of  problems,  the 

planner  can  buiLd  checks  and  confirmation  procedures 
into  the  flood  warning  and  preparedness  alternative. 
Among  others,  these  might  include  comparison  of  flow 
predictions  made  on  the  basis  of  rainfall  with  those 
based  on  upstream  water  levels,  use  of  chains  of 
command  to  review  decisions,  separate  analysis  and 
interpretation  of  basic  data  to  verify  predictions,  and 
callback  procedures  to  confirm  receipt  of  warnings  and 
performance  of  tasks. 


COST-EFFECTIVENESS 

The  overall  purpose  of  flood  warning  and  prepared¬ 
ness  programs  is  to  reduce  the  impact  of  flooding.  As 
noted  in  Chapter  1,  the  principal  ways  of  accomplishing 
that  purpose  are  by  improving  safety,  reducing  losses 
from  property  damage,  and/or  reducing  economic  losses 
other  than  property  damage.  Tables  5>  6,  and  7  list 
some  of  the  ways  in  which  flood  warning  and  prepared¬ 
ness  programs  may  contribute  to  safety  and  loss  reduc¬ 
tion.  The  extent  to  which  programs  can  provide  the 
types  of  benefits  cited  in  Tables  5  through  7  depends 
largely  on  the  length  of  warning  time  that  is  made 
available  and  the  nature  of  response  actions  which  are 
preplanned . 
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I  ABl.t  S 

P01I  V1IA1  in  N l  Ills  01  MOOD  WARNING  AND 
PREPAREDNESS  PROGRAMS 
FOR 

SAFETY 

I vaniat ion  of  hazardous  areas  prior  to  flood¬ 
ing,  thereby  reducing  risks  to  both  evacuees 
and  rescuers : 

Provision  of  early  alerts  and  any  needed 
assistance  to  individuals  who  are  invalid  or 
handicapped,  and  other’  persons  or  organiza¬ 
tions  which  require  more  than  the  normal 
amount  of  time  to  evacuate; 

Provision  of  a  basis  for  deciding  the  opening 
and  closing  of  schools.  transportation  of 
students,  and  release  of  employees  from  work 
so  as  to  minimize  exposure  to  danger; 

Timely  institution  of  appropriate  traffic 
controls  to  prevent  travel  into  hazardous 
areas  and  facilitate  evacuation; 

Deployment  of  personnel  and  equipment  to 
assure  medical,  fire,  police,  and  other’  ser¬ 
vices  are  continued  and  available  to  all 
parts  of  the  community; 

Emergency  management  of  gas  and  electric  ser¬ 
vices  and  other  actions  to  avoid  fire, 
explosion  and  other  secondary  problems;  and 

Minimization  of  public  health  problems  in  the 
post-flood  period. 

Not  all  of  the  types  of  potential  benefits  listed 
in  Tables  5  through  7  are  appropriate  for  consideration 
in  evaluating  the  economic  justification  for  a  proposed 
flood  warning  and  preparedness  program.  Benefits  relat¬ 
ing  to  life-saving  and  such  things  as  reduction  of 
hardship  or  anxiety  must  usually  be  considered  under 
the  environmental  or  social  well  being  accounts  rather 
than  as  a  contribution  t  o  nat  ional  economic  develop¬ 
ment  .  However,  the  list  of  benefits  which  do  have  a 
determinable  economic  value  and  should  be  explicitly 
considered  is  still  lengthy. 


TABLE  b 

POTENTIAL  BENEFITS  OF  FLOOD  WARNING  AND 
PREPAREDNESS  PROGRAMS 
FOR 

REDUCTION  OF  PROPERTY  DAMAGE 


Movement  out  of  the  flood  plain  or  to  a  safe 
elevation  of  automobiles  and  other  mobile 
equipment,  furniture,  valuable  papers  and 
documents,  business  stocks,  harvested  crops, 
livestock  and  other  property; 

Protection  in  place  of  fixed  equipment  by 
disconnection  of  electrical  service,  greas¬ 
ing,  wrapping  and  other  techniques; 

Protection  of  structures  by  sandbagging, 
anchoring,  implementation  of  sem i - permanent 
floodproofing  measures,  intentional  flooding 
of  basements  and  other  means. 


Some  of  the  benefits  appropriate  for  consideration 
are  poorly  defined  because  they  have  not  been  given 
much  attention  in  the  past.  The  types  of  potential 
benefits  listed  in  Table  7  are  examples  of  these. 
Nevertheless,  the  sorts  of  benefits  cited  in  Table  7 
are  real  and  do  occur.  In  fact  ,  in  the  interviews  on 
which  the  case  studies  in  Appendix  A  are  based,  local 
officials  cited  various  items  in  Table  7  as  the 
major  benefit  derived  from  their  flood  warning  program. 
It  is  important  therefore  that  evaluation  not  overlook 
them . 

1  he  Technique  for  evaluating  the  benefits  attribu¬ 
table  to  reductions  in  flood  losses  are  relatively  well 
defined  in  the  case  of  real  property.  The  usual  pro¬ 
cedure  is  to  construct  stage-damage  curves  for  various 
categories  of  property  and  to  sum  up  damages  prevented 
for  various  levels  of  protection.  The  same  general 
approach  is  applicable  to  evaluation  of  the  flood 
damages  to  property  which  are  prevented  by  warning  and 
preparedness  programs  except  that  the  concept  of  a 
specific  level  of  protection  is  largely  irrelevant. 
Instead,  the  lead  time  of  warnings  and  the  degree  of 
response  to  warnings  furnish  the  variable  on  which  t  he 
extent  of  damage  reduction  depends  for  a  given  level  of 
f 1 ood i ng . 
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TABLE  7 

POTENTIAL  BENEFITS  OF  FLOOD  WARNING  AND 
PREPAREDNESS  PROGRAMS 
FOR 

REDUCTION  OF  LOSSES  OTHER  THAN  PROPERTY  DAMAGE 

*  Orderly  shutdown  of  production  facilitites  or 
modifications  in  procedures  to  continue 
production; 

Faster  and  less  expensive  return  to  nor¬ 
mality,  resulting  in  reduced  unemployment, 
smaller  losses  in  sales,  and  less  reduction 
in  sales  taxes  collected; 

“  Prevention  of  undue  reductions  in  property 

value  and  consequent  reductions  in  tax 

revenues ; 

"  Reduced  costs  due  to  fire,  explosion,  contami¬ 
nation  of  water  supplies,  sewage  spills  and 
other  secondary  problems; 

Reduced  needs  for  overtime  of  employees  for 
flood  fighting,  rehabilitation  and  other 
purposes ; 

Elimination  of  costs  for  precautionary 

actions  found  later  to  have  been  unnecessary; 

*  Reduced  costs  for  emergency  shelter,  care  and 
public  assistance  for  evacuees; 

Reduced  risk  of  liability  fur  injury  to  or 
death  of  patrons,  students,  patients,  visi¬ 
tors  and  employees  of  public  and  private 
facilities  ;  and 

;;  Reduced  costs  for  flood  insurance  through 
reduction  in  amounts  of  coverage  required. 

A  computational  technique  for  estimating  the 
property  damage  reduction  component  of  benefit  attribu- 
tabl  e  to  flood  warnings  has  been  described  by  Day  and 
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Lee.  Figure  1  illustrates  the  procedure  in  schematic 
form.  As  shown  in  the  figure,  the  key  inputs  of  informa¬ 
tion  and  data  are  flood  plain  hydrology,  an  inventory 
of  property,  and  stage-damage  tables  for  buildings  on 
the  flood  plain.  The  stage-damage  tables  referred  to  in 
the  figure  are  for  conditions  of  no  warning  ( NW ) , 
limited  warning  time  ( LWT )  of  6  to  12  hours,  and 
maximum  practical  evacuation  (MPE)  corresponding  to  a 
warning  time  of  12  to  24  hours.  The  "no  warning" 
condition  is  intended  to  represent  the  maximum  loss 
that  can  be  incurred  and  the  "maximum  practical  evacua¬ 
tion"  case  is  that  in  which  all  movable  items  are 
evacuated.  The  accuracy  of  the  overall  procedure  is 
described  by  the  authors  as  being  -  25  percent . 

The  procedure  outlined  by  Day  and  Lee  has  several 
advantages.  It  is  relatively  straightforward  in  concept 
and  parallels  the  analytical  approach  used  for  evaluat¬ 
ing  benefits  of  several  other  t>pes  of  measures.  It 
also  lends  itself  to  computerization  to  handle  the 
large  amounts  of  data  encountered  where  many  categories 
of  structures  are  involved.  However,  the  procedure  also 
has  a  major  shortcoming  in  the  arbitrariness  involved 
in  establishment  of  the  stage-damage  curves. 

It  is  clear  that  the  stage-damage  curves  reflect¬ 
ing  various  lengths  of  warning  time  fall  between  one 
representing  "no  warning"  and  one  representing  "maximum 
probable  evacuation".  But  estimates  of  damage  under 
each  of  these  conditions  also  depends  on  the  proportion 
of  property  managers  which  receive  and  act  on  warnings. 
A  family  of  stage-damage  curves  is  necessary  to  encom¬ 
pass  variations  of  both  length  of  warning  time  and 
degree  of  response. 

Moreover,  the  shape  of  the  stage-damage  curve  can 
be  expected  to  vary  according  to  the  degree  of  prepared¬ 
ness  on  the  part  of  property  managers.  Property 
managers  who  assess  the  potential  for  flood  damage  and 
develop  a  plan  to  make  the  most  cost-effective  use  of 
warning  time  can  achieve  greater  savings  than  those  who 
do  not.  This  type  of  variation  is  especially  to  be 
expected  in  the  case  of  shorter  warning  times. 


Day,  Harold  J.,  and  Kwang  K.  Lee.  "Flood  Damage 
Reduction  Potential  of  River  Forecast."  Journal  of  the 
Water  Resources  Planning  and  Management  Division.  ASCE. 
April  1976.  pp.  77-87. 
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The  realism  of  equating  no  protect  ive  act  ion  to 
the  "no  warning"  case  is  also  suspect  with  regard  to 
its  application  to  all  situations.  Except  in  unusual 
cases,  at  least  some  warning  apart  from  a  local  system 
is  likely  to  be  available  from  generalized  weather- 
information  issued  by  the  National  Weather  Service, 
environmental  cues,  and  observation  or  reports  of 
flooding  on  the  lowest  flood  plains.  Again,  numerous 
assumptions  may  be  required  in  the  generation  of  stage- 
damage  curves  for  the  structures  under  investigation. 
Moreover,  the  correctness  of  assumptions  regarding  such 
things  as  degree  or  response,  preparedness  and  sensi¬ 
tivity  to  environmental  cues  may  depend  on  the  time 
elapsed  since  the  last  significant  flood  in  the  area, 
emphasis  placed  on  continuing  public  information  and 
other  f actors  . 

Notwithstanding  these  sorts  of  difficulties,  the 
procedure  for  benefit  analysis  put  forward  by  Day  and 
Lee  is  useful.  The  critical  obstacle  to  its  fuller  use 
is  additional  information  from  field  examples  to  guide 
users  in  its  judgemental  aspects,  particularly  with 
respect  to  the  types  of  potential  benefits  cited  in 
table  7* 
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CHAPTER  4 


PUBLIC  RESPONSE 

The  overall  effectiveness  of  a  flood  warning  and 
preparedness  alternative  stems  from  the  combination  of 
those  activities  for  which  formal  arrangements  have 
been  made  and  the  independent  voluntary  actions  of  the 
public  at  large.  It  was  noted  in  Chapter  1  that  one  of 
the  principal  reasons  for  concern  about  the  effective¬ 
ness  of  flood  warning  and  preparedness  alternatives  was 
their  dependence  on  appropriate  public  response  to 
warnings.  This  chapter  discusses  the  types  of  activi¬ 
ties  dependent  on  public  response  and  the  means  of 
encouraging  that  response  . 

ACTIVITIES  DEPENDENT  ON  PUBLIC  RESPONSE 

The  governmental  role  in  carrying  out  flood 
warning  and  preparedness  alternatives  usually  includes 
responsibility  for  all  of  the  important  activities 
associated  with  operation  of  the  flood  recognition 
system,  issuance  and  dissemination  of  warnings,  and 
maintenance  activities.  Any  activities  of  those  types 
which  are  not  performed  directly  by  public  officials 
and  staff  are  likely  to  be  done  under  their  direction 
and  in  accord  with  arrangements  worked  out  between  the 
government  and  individuals  or  private  organizations 
assigned  responsibility.  The  accuracy  of  the  flood 
recognition  system  and  the  speed  of  the  warning 
dissemination  process  may  sometimes  be  enhanced  by 
information  volunteered  by  members  of  the  general 
public  or  by  informal  word  of  mouth  distribution  of 
warnings  and  those  types  of  public  participation  may 
even  be  specifically  encouraged.  But  flood  warning 
arrangements  seldom  depend  on  them  for  success. 

Preparedness  plans  differ  significantly  from 
warning  arrangements  inasmuch  as  they  frequently 
include  some  activities  which  are  to  be  taken  by 
governmental  forces  and  some  which  depend  on  individual 
actions  by  members  of  the  general  public  for  their 
performance.  The  division  of  responsibility  for  the 
performance  of  activities  between  the  government  and 
the  general  public  can  vary  widely  as  well  as  the 
extent  to  which  such  assignments  of  responsibility  are 
explicitly  recognized  and  formalized. 
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As  noted  in  Chapter  3)  flood  warming  and  prepared¬ 
ness  alternatives  should  be  comprehensive  with  respect 
to  planning  all  of  the  response  actions  pert  incut  to 
achieving  their  objectives.  The  performance  of 

participants  in  carrying  out  those  actions  should  also 
be  formalized  to  the  extent  possible  and  made  binding. 
If  this  is  done,  the  only  actions  dependent  on 
voluntary  response  by  the  public  are  those  for  which 
binding  arrangements  either'  cannot  be  made  or  are 
imprac t ica 1  . 

All  of  the  preparedness  actions  to  be  performed  by 
governmental  organizations  are  subject  to  coverage 
under1  some  type  of  formal  arrangement  .  Thus,  for 
example,  decisions  by  school  administrators  or 
municipal  hospital  officials  with  respect  to  responding 
to  warnings  need  not  be  left  in  the  domain  of  voluntary 
public  response.  Even  the  role  of  certain  quasi -public 
and  private  parties  such  as  the  Red  Cross  or  local 
contractors  who  might  be  expected  to  assist  need  not  be 
left  to  chance.  Formal  arrangements  can  be  developed  to 
provide  for  use  of  their  facilities  and  equipment  or 
for  performance  by  them  of  particular  tasks. 

Those  things  that  remain  dependent  on  a  voluntary 
public  response  are  so  because  of  one  or  more  of  t  he 
following  reasons: 

1.  Specific  arrangements  for  performance  are 
impractical  because  of  the  large  number  of 
parties  involved: 

2.  Authority  is  lacking  to  require  performance: 
or 

3.  Capability  is  lacking  to  enforce  required 
performance . 

The  two  principal  activities  which  depend  on 
public  response  are  evacuation  and  protect  ion  of 
private  property.  Of  course  local  governments  could 
adopt  ordinances  relevant  to  these  matters.  For 
example,  an  ordinance  could  require  evacuat ion  of 
certain  areas  pursuant  to  a  declaration  that  some  stage 
of  emergency  existed  based  on  flood  forecast  s.  But  t  he 
most  likely  benefits  of  such  an  ordinance  would  be  to: 
a)  provide  a  legal  basis  for  the  forceful  removal  of 
parties  who  refused  to  evacuate  voluntarily:  and  b) 
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make  clear  to  residents  in  affected  areas  that  those 
who  refused  to  obey  a  directive  to  evacuate  would  bear1 
the  liability  for  any  costs  or  damages  in  the  event 
rescue  subsequently  becomes  necessary.  There  would 
obviously  be  little  potential  for  prosecution  of  those 
who  refused  to  obey  the  law  and  equally  little  chance 
that  forced  evacuation  could  be  successful  with  more 
than  a  few  people,  especially  in  cases  where  warnings 
provided  only  minutes  or  a  few  hours  for  action.  The 
same  sort  of  enforcement  problems  would  attend  efforts 
to  require  by  law  that  private  parties  take  action  to 
protect  their  property. 


ENCOURAGING  Pl'BI  IC  RESPONSE 

Given  the  types  of  obstacles  described  in  the 
foregoing  sect  ion  ■  the  key  to  effective  public  response 
in  the  matters  of  evacuation  and  protection  of  private 
property  is  the  provision  of  sufficient  information  so 
that  a  rat  ional  decision  by  individual  members  of  the 
public  in  the  protected  area  will  lead  to  the  desired 
action.  This  has  direct  implications  for  the  construc¬ 
tion  and  delivery  of  warning  messages,  content  of 
preparedness  plans,  and  educational  and  informational 
efforts. 


Warning  Messages 

The  warning  message  is  the  major  means  by  which 
public  response  is  generated.  Of  the  many  considera¬ 
tions  affecting  its  makeup,  the  most  important  are 
clarity,  credibility  and  impact  of  delivery. 

Warning  messages  must  clearly  instruct  the  message 
recipient  as  to  what  act  ions  are  appropriate.  The 

capability  of  conveying  instructions  depends  first  of 

all  on  the  means  used  for  the  disseminat ion.  Sirens  and 
ai thorns  are  particularly  limited  in  this  respect.  If 
plans  for  their  use  are  accompanied  by  a  cont  inual 
public  information  program,  the  use  of  patterns  and 
tones  of  sound  may  serve  to  distinguish  a  flood  from 
another  emergency  or  to  convey  the  seriousness  or 
urgency  of  the  threat.  However,  in  most  cases,  use  of 

the  siren  is  intended  only  to  awaken  people  or  get 

their  attention  and  cause  them  to  turn  on  the  radio  or 
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seek  other  sources  of  information  about  the  nature  of 
the  emergency.  And,  of  course,  even  strong  educational 
programs  are  unlikely  to  reach  transients  in  the 
community  and  certain  segments  of  the  area's  permanent 
popu 1  at  ion . 

Radio,  television,  announcements  over  public 
address  systems,  and  person-to-person  contacts  enable 
delivering  a  more  complete  message.  But  the  message 
must  be  carefully  composed.  The  two  following  hypotheti¬ 
cal  messages  illustrate  poor  composition: 

MODERATE  FLOODING  IS  EXPECTED  ALONG  THE  CASPER 
RIVER  TONIGHT.  RESIDENTS  OF  LOW-LYING  AREAS  SHOULD 
PREPARE  TO  EVACUATE. 

THE  CASPER  RIVER  IS  EXPECTED  TO  REACH  A  CREST 
STAGE  OF  38  FEET  AT  LOUISBURG  NEAR  MIDNIGHT.  BANK- 
FULL  STAGE  IS  28  FEET.  RESIDENTS  OF  LOW-LYING 
AREAS  SHOULD  PREPARE  TO  EVACUATE  IF  NECESSARY. 

Neither  message  conveys  much  information  useful  to 
the  average  recipient  in  determining  whether  his  or  her 
location  is  subject  to  flooding,  when  the  onset  of 
flooding  will  occur,  or  exactly  what  should  be  done 
other  than  "evacuate."  Compare  those  messages  to  the 
foil  owing : 

THE  CASPER  RIVER  IS  EXPECTED  TO  OVERFLOW  ITS  BANKS 
AT  LOUISBURG  LATE  THIS  AFTERNOON.  FLOOD  STAGES 
WILL  INCREASE  DURING  THE  EVENING  AND  CREST 
ABOUT  MIDNIGHT.  CREST  STAGE  WILL  BE  ABOUT  10  FEET 
OVER  BANKFULL  LEVEL.  FLOODING  WILL  BE  APPROXI¬ 
MATELY  3  FEET  HIGHER  THAN  THAT  WHICH  OCCURRED  IN 
OCTOBER  1«74.  ALL  AREAS  BETWEEN  THE  RIVER  AND 
CARROLLTON  ROAD  SHOULD  BE  EVACUATED.  RESIDENTS  OF 
MUMMERT  ISLAND  SHOULD  EVACUATE  BEFORE  THE  WHEELING 
CROSSING  IS  FLOODED.  A  RECEPTION  CENTER  HAS  BEEN 
OPENED  AT  SNELL  SCHOOL  FOR  FVACUEES. 

The  information  presented  by  this  sort  of  message 
is  far  more  helpful  to  listeners  in  determining  whether 
the  message  is  intended  for  them,  the  extent  of  the 
threat,  the  timing  of  the  threat,  and  the  appropriate 
action  to  take.  As  might  be  necessary  or  useful,  the 
message  could  also  instruct  the  potential  evacuees  on 
steps  to  take  to  reduce  property  losses,  the  highest 
and  safest  routes  for  evacuation,  and  other  points. 
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The  weight  given  to  a  warning  message  by  a 
recipient  also  depends  to  some  extent  on  the  credi¬ 
bility  of  its  source.  Studies  show  far  more  weight  is 
given  to  warning  messages  attributed  to  highly 
respected  organ i zat ions  or  individuals.  Thus,  the 
message  described  in  the  preceding  sect  ion  could  be 
strengthened  bv  attributing  the  predict  ion  of  flooding 
to  the  Corps  of  Engineers,  Nat ional  Weather  Service  or 
some  well  known  state  or  local  agency.  Similarly,  the 
direction  to  evacuate  could  be  stated  as  coming  from 
the  local  civil  defense  agency,  the  mayor  or  some  other 
immediately  recognizable  source. 

Warning  messages  can  also  be  given  importance  and 
credibility  by  the  manner  in  which  they  are  delivered. 
The  appearance  of  a  uniformed  police  officer  at  the 
door  with  a  message  obviously  gives  impact  to  the 
message's  content.  Other  means  of  showing  official 
sanct ion  of  the  warning  message  include  its  dissemina¬ 
tion  by  public  address  systems  on  police  and  fire 
vehicles  and  use  of  police  or  other  local  officials  for 
making  announcements  over  radio  or  television  instead 
of  station  personnel  who  happen  to  be  on  duty. 

The  importance  accorded  warning  messages  is  also 
influenced  by  the  context  in  which  they  are  presented, 
part icularly  over  radio  and  television.  Announcements 
which  are  only  summarized,  treated  in  a  casual  manner, 
and  sandwiched  between  regular  programming  are  unlikely 
to  generate  much  response.  Special  arrangements  with 
radio  and  television  station  operators  are  usually 
necessary  to  assure  proper  handling  of  warning  messages. 

Warning  messages  also  gain  importance  by  repet i - 
t  ion.  Also,  of  course,  a  single  reading  of  a  lengthy 
message  may  not  be  sufficient  lor  listeners  to  compre¬ 
hend  its  total  content.  Repetition  as  applied  to  flood 
warning  messages  has  two  meanings  including:  a) 

repeated  announcements  of  the  message  by  a  particular 
source;  and  b)  announcement  of  the  message  through  a 
variety  of  mediums.  Caution  is  necessary  to  ensure 
exact  coordination  when  using  several  mediums.  Conflict¬ 
ing  messages  to  the  public  destroy  credibility,  create 
confusion  and  lessen  response. 

Content  of  Preparedness  Plan 

The  development  of  preparedness  plans  and  the 
construction  of  warning  messages  which  mot  ivate  act  ion 


in  accord  with  the  plan  must  anticipate  and  answer  the 
public's  concerns  about  the  desired  action  if  they  are 
to  be  effective.  For  example,  many  people  can  be 
expected  to  be  reluctant  t o  evacuate  for  one  or  another 
of  the  following  reasons: 

1.  Concern  over  vandalism  and/or  looting  of 
unattended  homes  or'  businesses; 

2.  Concern  for  safety  of  children  at  school  and 
other1  family  members  away  from  the  home  ; 

3.  Lack  of  a  secure  location  for  storage  of  any 
items  which  are  temporarily  relocated: 

4.  Lack  of  a  safe  and  convenient  dest inat  ion:  and 

5-  Lack  of  transportation. 

Identification  of  the  range  of  concerns  likely  to 
exist  about  evacuation  or  other  desired  act  ions  gives 
insight  into  the  necessary  provisions  of  the  prepared¬ 
ness  plan  and  the  required  explanat  ion  of  those 
provisions  in  warning  announcements. 


Educational  and  Informational  Lf forts 

A  variety  of  educa t i ona 1  and  informational  efforts 
can  be  helpful  in  securing  the  public  action  desired  in 
response  to  a  particular  flood  threat  .  I  hese  act  ivit  ies 
can  be  divided  into  general  educat  ional  and  informa¬ 
tional  programs,  provision  of  immediate  pre-flood 
information,  and  provision  of  post -flood  informat  ion. 

General  educational  and  informat ional  programs 
conducted  on  a  continuing  basis  are  necessary  to 
develop  public  awareness  of  the  flood  hazard  and  the 

flood  warning  system.  They  may  also  serve  numerous 

other  purposes  such  as  explaining  t  h meaning  of 
particular  warning  signals,  acquainting  people  with  the 
actions  expected  of  them  during  a  flood  emergency  and 
providing  information  on  how  to  protect  property  from 
damage . 

Ongoing  programs  for  general  educat  ional  and 

informational  purposes  may  include  publicat ion  and 

distribution  of  brochures,  direct  mailings  to  owners 
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and  managers  ol'  proper!  i  cm  in  flood  p  rone  area.-.,  inclu¬ 
sions  of  iti.M'it  s  in  utility  hillings,  public  service 
spot  s  on  radio  and  television,  and  publication  in 
newspapers  of  such  things  as  maps  of  areas  affected  by 
various  levels  of  floodin';.  General  programs  can  also 
include  more  direct  approaches  such  as  public  hearings, 
training  sessions,  and  provision  of  technical 
assistance  to  propert y  owners  in  planning  cont  ingem  y 
act  ions  for  damage  reduct  ion. 

1  he  most  important  item  of  informat  ion  in  the 
immediate*  pre-flood  period  is  the  warning  message.  If 
general  educational  and  informal i ona 1  programs  were  100 
percent  effective,  that  might,  be  all  that  was  required. 
However,  it  must  bo  expected  that  a  significant  port  ion 
of  the  community  only  pays  heed  to  such  informal  ion 
when  a  crisis  is  apparent.  And,  of  course .  new  resi¬ 
dents  in  an  area  may  not  have  benefit  ted  from  ortgo  i  n  g 
education  and  informat  ion  about  the  flood  threat  .  A 
need  therefore  exists  for  the  provision  of  information 
and  instructions  in  the  immediate  pre-flood  period 
concerning  the  appropriate  response  t  o  warnings.  Among 
other  items,  such  information  and  instructions  might 
cover  evacuation  routes,  safe-  destinations,  sumnnr  i  za- 
t  i  on  of  the  preparedness  plan’s  provisions  for  security 
and  safety  of  school  children,  means  of  damage  reduc¬ 
tion  and  suggestions  of  items  to  take  when  evacuating  a 
home  or  business.  1  he  detail  of  such  instruct  ions  and 
information  and  the  means  of  their  delivery  depends  on 
the  time  available. 

Actions  taken  in  the  immediate  post.-f  lood  period 
can  be  important  for  both  safety  and  loss  reduction. 
Information  programs  to  encourage'  appropriate  public- 
response  at  that  stage  of  a  flood  episode  might  deal 
with  safe  re-entry  of  flooded  structures,  salvage  of 
damaged  contents,  decontamination  of  water  supplies, 
vector  control,  disposal  of  debris,  and  other  related 
items.  They  might  also  include'  information  on  the 
availability  of  temporary  housing,  making  application 
for  federal  and  other  disaster  aid.  filing  insurance 
claims,  and  sources  of  other  types  of  assistance. 
Dissemination  of  this  type  of  information  poses  fewer 
problems  than  the  case  of  pre-flood  informat  ion.  After 
the  flood,  most  individuals  of  whom  a  part  icular 
response  is  required  are  likely  to  be  rerept  ive  to  or 
seeking  such  informal  ion.  With  the  exception  of 
cautions  about  immediate  dangers  such  as  re-entry  of 
flooded  structures,  simple  availability  of  printed 
information  sheets  may  be  adequate. 
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DEGREE  OE  PUBLIC  RESPONSE 


The  case  studies  described  in  Appendix  A  provide 
some  information  about  the  extent  of  public  response  to 
flood  warnings  which  is  to  be  expected.  Based  on  that 
information,  it  appears  that  it  is  reasonable  to  expect 
bO  to  80  percent  of  the  people  in  a  threatened  area  to 
take  some  type  of  protective  action  the  first  time  the 
warning  system  results  in  issuance  of  a  warning.  A 
higher  percentage  of  part ic i pat i on ,  perhaps  as  much  as 
90  to  95  percent,  is  likely  to  occur  in  the  next  and 
following  warnings  if:  a)  the  first  warning  proved  to 
be  accurate  and  those  failing  to  respond  suffered 
damages;  and  b)  the  period  before  the  next  flood  is  no 
more  than  a  few  years  so  that  the  memory  of  the 
previous  experience  is  fresh. 

However,  it  should  be  recognized  in  assessing  the 
experience  of  the  case  study  communities  that  each 
warning  system  described  except  that  for  Wise  County, 
Virginia,  was  established  following  a  disasterous 
flood.  Some  preconditioning,  therefore,  existed  in  most 
cases  which  made  residents  sensitive  to  the  possibility 
of  flooding.  in  those  circumstances,  the  extent  of 
participation  experienced  in  the  first  use  of  the  flood 
warning  system  might  be  somewhat  higher  than  for  a 
community  which  had  not  experienced  serious  flooding  in 
several  years. 
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CHAPTER  5 


SUMMARY  OF  EXAMPLES 

Appendix  A  describes  six  examples  of  flood  warning 
systems  in  the  United  States.  Each  example  is  described 
with  respect  to  the  physical  setting,  nature  of  the 
flood  problem  and  features  of  the  area's  flood  warning 
system.  Descriptions  also  address  the  views  and 

experiences  of  local  officials  and  others  who  are 

responsible  for  operation  of  the  systems  or  depend  on 
them  for  protection. 

The  several  flood  warning  systems  described  vary 
widely  in  their  organization  and  mode  of  operation.  The 
most  obvious  difference  between  them  is  the  approach 
taken  to  the  flood  recognition  component.  The  means 
used  range  from  predictions  based  on  a  few  observations 
of  precipitation  to  sophisticated  computerized  analysis 
of  several  types  of  data  inputs.  While  other  arrange¬ 
ments  exist  and  still  others  could  be  conceived,  those 

which  are  presented  constitute  a  relatively  wide 

cross-section  of  existing  practices. 

Some  general  observations  are  possible  based  upon 
the  investigation  of  the  example  flood  warning  systems. 
These  include: 

1.  Flood  warning  and  preparedness  programs  in 
all  of  the  cases  investigated  are  seriously 
deficient  in  terms  of  measuring  up  to  all  of 
the  desirable  characteristics  of  protective 
systems  described  in  previous  chapters  of  the 
report.  In  particular: 

A.  Excepting  one  industry  which  has 
developed  a  flood  preparedness  plan,  all 
of  the  systems  are  unbalanced  in  that 
attention  has  been  focussed  on  flood 
recognition  and  warning  with  little 
consideration  given  to  development  of 
formal  response  plans; 

B.  None  of  the  systems  evidence  design 
which  provides  the  degree  of  detail  or 
the  explicit  consideration  of  relia¬ 
bility  and  other  criteria  described  in 
Chapter  3;  and 
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C.  All  of  the  systems  depend  for  their 
success  a lmost  exclusively  on  the  volun¬ 
tary  cooperation  of  individuals,  busines¬ 
ses,  organizations  and/or  governmental 
agencies  and  little  attention  has  been 
given  to  their  formal  implementation  in 
a  legal  and  institutional  sense. 

Notwithstanding  their  shortcomings,  the 
systems  investigated  function  adequately  and, 
in  some  cases,  have  resulted  in  very  large 
savings.  This  gives  strong  reason  to  antici¬ 
pate  that,  protective  systems  designed  in  more 
detail  and  which  are  more  complete  can  be  ex¬ 
pected  to  be  more  effective. 

2.  Specific  planning  for  preparedness  increases 
the  monetary  benefits  which  can  be  obtained. 
For  example,  experience  at  the  Sprout  Waldron 
plant  in  Lycoming  County,  Pennsylvania  and 
the  flour  mill  near  Elicott  City,  Maryland 
(Howard  County)  illustrate  dramatic  savings 
in  the  extent  of  losses  resulting  from  flood¬ 
ing  associated  with  Hurricanes  Agnes  and 
Eloise.  The  reduction  of  losses  in  those 
cases  can  be  attributed  directly  to  specific 
preparedness  actions. 


3.  Warning  systems  need  not  be  expensive  or 
complex  to  be  effective. 

4-  The  benefits  which  can  be  secured  from  flood 
warning  and  preparedness  programs  are  diverse 
and  include: 

A.  Reduction  of  hazard  t o  life  through: 

i.  Timely  evacuation; 

ii.  Improved  decision-making  on  release 
of  employees  from  work  and  release 
and  transportation  of  school 

chi  1 dren  ; 

iii.  Action  to  prevent  travel  into 

hazardous  areas; 

iv.  Marshall  ing  of  manpower  and  equip¬ 
ment  for  rescue,  medical  at  tent  ion, 
and  other  emergency  services; 
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v.  Emergency  management  ,  as  appro¬ 
priate  ,  to  continue  or  curtail 
operation  of  water,  gas,  electric 
and  other-  utility  systems; 

B.  Reduction  of  property  damage  through: 

i.  Movement  of  property  to  safe  eleva¬ 
tions; 

ii.  Protection  in  place  of  fixed  equip¬ 
ment  ; 

iii.  Protection  of  structures  by  contin¬ 
gency  measures; 

C.  Reduction  of  costs  other  than  property 
damage  through: 

i.  Minimization  of  business  losses  by- 
speeding  recovery; 

ii.  Better  scheduling  of  emergency 
personnel  ; 

iii r  Reduced  needs  for  flood  insurance; 
and 

iv.  Avoidance  of  costs  for  unnecessary 
mobilizations  of  manpower  and  other- 
emergency  actions. 

Even  simple  flood  recognition  systems  can  be 
highly  accurate  if  properly  designed. 

Public  response  to  warnings  is  not  likely  to 
be  high  immediately  after  initiation  of  a 
flood  warning  system  if  no  speci al  efforts 
such  as  those  described  in  Chapter  4  are 
mounted.  However,  public  response  becomes 
very  high  after  the  first  case  of  warning  in 
which  parties  not  responding  suffer  losses. 

Flood  warning  and  preparedness  programs  are 
adaptable  to  a  wide  range  of  situations  in 
terms  of  physical  setting,  rapidity  of  the 
onset  of  flooding,  nature  of  area  at  risk, 
and  financial  and  technical  capability. 


8.  Flood  warning  and  preparedness  programs  ran 
serve  various  purposes  including  such  tilings 
as  assisting  in  overall  water’  management  in 
non-flood  periods,  and  as  a  core  around  which 
other  disaster  preparedness  plans  can  be 
organ i zed . 

Flood  warning  systems  can  be  successfully 
organized  and  operated  under  a  variety  of 
institutional  arrangements  including  by 
general  purpose  governments,  special  purpose 
districts,  and  various  combinations  of  govern¬ 
mental  agencies  and  private  sector  entit  ites. 

10.  Flood  warning  and  preparedness  programs  are  a 
useful  supplement  to  flood  control  works  and 
should  be  part  of  all  well-roneeivt'd  flood 
plain  management  programs. 
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I  he  simplest  flood  wain  i  ng  systems  are  l)ii  i  It 
aeomid  a  single  flash  flood  alarm  that  serve-,  to  alert 
local  officials  that  upstream  water  level-,  are 
increasing  so  that  an  observer  can  he  dispatched  to 
invest  igate.  I  he  most  popular  systems  are  those  which 
enable  predict  ing  floods  based  on  rainl'al  I  and  or 

st  ream -level  observaf  ions  provided  by  volunteers.  I  lie 
major  reason  for  the  popularity  of  the  latter  types  of 
systems  is  that  a  re  I  at  ively  high  level  of  performance 
can  be  secured  for  a  moderate  cost  .  fully  automated 

and  computerised  systems  are  gaining  rapidly  in 
popu 1 ar i t y  .  however  ,  i n  sp i t  e  of  t  he  i  r  hi gher  cost  . 

I  he  reasons  for  this  i  in  I  tide  their  speed,  accuracy  and 
capability  to  handle  complex  hydrologic  and  hydraulic 
situations.  Some  systems  of  this  latter  type  also  hive 
sufficient  capability  to  serve  as  tools  for  d  ay  - 1  o -da v 
water  resources  management  . 

1  here  are  present  Iv  sevei  a  1  hundred  local  flood 
warning  systems  ol'  these  various  types  being  operated 

in  the  United  States  by  city  and  county  governments, 
special  purpose  districts  and  other  organ i /at  ions.  I  hey 
differ  great  ly  in  their  cost  and  details  of  operat  ion 
as  well  as  in  their  basic  type.  Ibis  appendix  describes 

f>  flood  warning  systems  which  illustrate  sorm  of  the 
major  approaches  to  flood  recognit  ion  and  the  costs 
associated  with  each.  Descript  ions  of  each  system  are 
followed  by  statements  of  the  views  expressed  by  local 
officials  about  the  effect  iveness  o  1  the  system  used  in 
t  he i r  a  t  ea  . 

HOWARD  ('Oil N  I  V  .  MAR  VI  AND 

Howard  County  is  located  immediately  northeast  of 
Balt  imore.  Maryland.  ((  has  an  area  of  2^0  square 

miles.  At  present  .  lands  in  the  nmnl  i  are  largely  in 
agricultural.  forest  or  other  open  space  uses. 

However,  titban  i  /at  ion  is  proceeding  rapidly  in  I  lie 

east  -cent  ra  I  part  of  t  lie  count  y  bet  ause  of  its 

proximity  to  both  the  Balt  imore  and  Washington.  Dt 

me  t  fopo  I  i  t  ail  areas.  I'epu  I  at  inn  in  How  a  t  d  County  grew 

I  font  b  2  .  .1 1>4  in  I  11 7  0  to  an  e  s  t  i  ni.it  ed  mi  .  00  0  in  I  u  7  v  . 

1  he  1  DUO  popu  1  at  ion  is  expected  to  be  more  I  ban  1100.000. 

A  large  port  ion  of  Howard  County  is  bordered  by 
the  I’at  apscti  River  on  t  ho  north  and  east  and  by  the 
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Patuxent  Rivet-  on  tin-  west  and  south  Mi  "lire  A- 1  I  . 
Within  t  he  count  y  ,  t  he  l  i  t  t  1  e  Pat  uxent  and  'I  i  (id  I  e 
Patuxent  Rivers  have  a  combined  drainage  area  ot  about 
I  t>0  square  miles.  I  here  are  also  numerous  minor 

tributaries  to  all  of  tin-  principal  streams. 

I  he  County  is  situated  on  the  Piedmont  Plateau. 

1  he  area  is  characteii/ed  topographically  by  roll  in” 
hills  with  gent  le  slopes,  except  along  the  ma, joi¬ 
st  reams  .  where  re.juvinat  ion  has  produced  romparat  i  ve  I  y 
s  t  ee  p  -  vs  a  1  1  ed  valleys.  Flood  plains  in  the  area  are 
re  1  at  i ve 1 v  narrow • 

'lean  annual  precipit.at  ion  in  Howard  Count  y  i  s 
about  JO  inches.  1  he  distribut  ion  of  precipitat  ion 
t  hrniighout  the-  year  is  fa  i  r  1  y  uniform  with  Inly  and 

August  be  i  ng  the  wett.est  months.  1  hiindi-r  st  oims  occur 
in  the  area  on  an  average  of  about  70  days  per  year. 

I  he  area  is  subject  to  intense  rains  from  hurricanes 

and  other  tropical  storms. 

Floods  have  occurred  frequent  ly  in  Howard  County. 
Recent  major  floods  occurred  in  Mbs  A  .  lnjb.  I'>S2.  IdyO. 
1 0I>7  .  I  "7-  (Hurricane  Agnes  I  and  1  7  y  (Hurricane 

I  loi.se-  I  .  I  loot!  in”  causes  damages  to  roads  and  hr  i  dyes, 
industrial  and  commercial  facilities,  and  residences. 
It  also  poses  serious  problems  of  safety  and  numerous 
I  i  vf-s  have  been  lost  in  past  flooding.  I  he  major 
damage  centers  are  FI  limit  City  (I '>70  population  of 
2.000  1,  Flkridge  (  I '>70  popu  I  at  ion  of  2  .  I  00  I  and  several 
resident  i a  1  development  s  scattered  through  t  he  mist  ern 
port  ion  of  the  county. 

I  he  worst  flood  on  record  was  that  caused  by  rains 
from  Hurricane  Agnes  in  l  '>7  2  .  Much  of  the  downtown 
port  ion  of  1  llicott  City  was  inundated  then  to  a  depth 
of  several  feet..  Due  to  the  almost  total  loss  of 
business  stin  ks  at.  I  ot  her  damages,  many  of  the  flooded 
businesses  were  closed  for  several  months. 


flood  Warning  System 

following  the  flooding  associated  with  Hurricane 
Agnes  in  1**72.  the  Nat  i  ona  1  Weather  Service  recommended 
development  in  Howard  County  of  a  local  flood  warning 
program,  local  officials  agreed  with  the  recommemlat  ion 
and  the  present  program  was  implemented  through  the 
i  ooperat  i  ve  efforts  of  the  Howard  County  Office  of 
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FIGURE  A-l .  HOWARD  COUNTY,  MARYLAND 


(  i  \  i  I  Defense  .  Howard  (  mint  \  (Cut  i  n  I  Alarm  Common  i  i  a  - 
lions  (enlef.  Howard  (omit  I  Depart  nient  o  1  Public  works 
and  Nat  i  ona  I  beat  her  Sera  i  re  . 

llii-  I  I  inirl  roc  o  yn  i  t  io  n  system  eons  i  st  s  of  lour 
I' I  ash  I  I  ood  alarms.  several  river-  I  eve  I  yayes  to  be 
road  l>\  observer's  and  a  network  of  i  nexpeitsi  ve  plast  ir 
p  rrc  i  |>  i  t  a  t  ion  "ayes  located  at  the  counts  '  s  nine  lire 
stations.  In  addition.  the  (  ommimicat  inns  Cent  er  and 
tin'  Civil  Defense  Off  i  ee  .  which  are  located  t  o  ye  t  he  r  . 
eecei  ve  informal  ion  from  the  Nat  i  ona  I  Weather  Servin’ 
t  h  rou  y  h  the  Ma  r  y  1  a  nd  State  Police  I  e  I  el  ype  c  i  r<  u  i  l  . 

I  i y a  re  A  -  2  illustrates  schematically  the  operation  o f 
the  flood  recoyni t  ion  system.  \  flash  flood  alarm  is 
also  located  at  the  Counts's  wastewater  treatment  plant 
to  warn  plant  personnel  of  eisiny  waters  which  could 
flood  tin-  access  road  to  t  h<’  plant. 

I  he  flash  flood  alarms  provide  rout  i  minus  monitor- 
i  ny  of  conditions  on  major  streams  in  the  counts.  lire 
remainder  of  t  he  flood  recoyni  t  ion  system  is  act  i  sated 
whenever  one  of  the  flash  flood  alarms  indicates  at  the 
(omniuni  cat  ions  Center  th.it  water  levels  have  risen 
significant  !y.  1  lie  Common i cat  ions  Center  alerts  t  he 

(is  i  I  Defense'  and  Department  of  Pub  I  ir  Works  personnel 
that  a  flash  flood  alarm  lias  act  i  sated  and  not  ifies  t  hi’ 
county's  fire  stat  ions  to  bey  in  makiny  hourly  reports 
on  precipitat  ion  and  half-hourly  reports  on  stream 
st  ayes  at  selected  river*  level  yayes.  Mandat'd  operat  - 
iny  procedures  also  cal  I  for  tainfal  I  measurement  and 
riser  level  report  iny  by  fire  department  personnel  to 
bey  in  automat  i rally  any  t  ime  1  inch  of  rain  in  2  hours 
is  noted  at  a  fire  stat  ion  local  ion. 

Precipitat  ion  data  pros  i  (led  t  lironyh  the  system  is 
used  to  determine  whether  increases  in  obsersetl  st  ayes 
at  key  points  a  I ony  the  stream  are  to  be  expected 
and  or  whether  monitor iny  of  streams  should  he  con¬ 
tinued.  As  needed.  I'eporl  s  on  other  f  i  vet'-  I  eve  I  yayes 
are  request ed  to  add  detail  and  confirm  the  available 
informal  ion.  I  he  predict  ions  of  impendiny  flood  st  ayes 
for  major  damaye  centers  are  made  by  the  Department  of 
Pub  I  ic  Works  based  on  the  flood  st  ayes  real  lied  at 
upst  ream  po  inis. 

I  he  warn iny  system  makes  it  possible  to  provide 
1  I  I  i  co  t  t  City.  Maryland  about  t>  - s  hours  notice  that 
some  flood  i  ny  will  occur  and  '2  I  2  hours  not  ice  of  the 
expected  crest  stage.  lor  the  community  of  I Ikridye. 


Maryland,  which  is  downstream  o  I  I  I  1  i  rot  (  City,  t  tic  sc 
warning  t  imes  are  extended  about  an  add  it  ional  2  hours. 
Depending  on  their  location,  other  developed  areas  in 
the  county  receive  generalized  warnings  based  on  infor¬ 
mation  from  the  National  Weather  .service  or  more 
specific  warnings  bat  Jd  on  local  informat  ion  that 
flooding  will  occur,  but  without  predict  ion  of  a 
specific  crest  level. 

flood  warnings  generated  through  the  system  are 
issued  to  the  fire  and  police  departments,  county 
officials,  the  president  of  the  Ellicott  City  Business 
Association  and  to  several  downstream  count  i  es  .  faeli 
fire  station  maintains  a  listing  of  all  residences  in 
flood— prone  areas  within  its  district.  Waitings  are 
disseminated  to  occupants  of  affected  areas  by  sirens 
on  emergency  services  agencies  1  vehicles  and  by  knock¬ 
ing  on  doors.  The  Ellicott  City  Business  Assoc i at  ion 
alerts  business  proprietors  in  Ellicott  City.  In 
addition,  the  Red  Cross  and  county  school  system  are 
issued  warnings  so  that  advance  arrangements  can  be 
made  for  sheltering  and  feeding  evacuees.  One  installa¬ 
tion,  a  large  flour  mill  located  in  Baltimore  County 
across  the  Patapsco  River  from  Ellicott  City  is  pro¬ 
vided  warnings  by  a  special  arrangement  between  the 
mill  and  Howard  County. 

The  original  cost  for  purchase  and  installation  of 
the  flash  flood  alarms  was  approximately  $.1,000  each. 
National  Weather  Service  provided  two  of  the  flash 
flood  alarms  and  all  of  the  precipitation  gages. 
Howard  County  bought  the  remaining  two  flash  flood 
alarms  and  installed  the  river— level  gages.  Mainten¬ 

ance  of  the  flash  flood  alarms  costs  about  $500 
annually  for  each  unit  .  Operat  ional  costs  for  the  four 
flash  flood  alarms  include  telephone  and  electrical 
service.  Charges  for  electrical  power  are  about  $24 
annually  and  are  paid  by  the  county.  Charges  for  the 
telephone  lines  connecting  the  four  alarms  with  the 
Communications  Center  total  approximately  $.5,200 
annually  which  is  paid  for  half  by  the  county  and  half 
by  federal  funds  passed  through  the  State.  There  are 
no  costs  associated  with  operation  and  maintenance  of 
the  plastic  precipitation  gages  except  occasional 
replacement  of  a  gage  broken  due  to  freezing  of 
collected  rainfall.  About  one-half  man-dav  per  month 

is  required  for  overall  maintenance  and  testing  of  the 
system . 
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Views  o  I  I  ora  I  Officials 

Howard  County  Civil  Qcl't-nse.  I  ho  operat  ion  ot'  the* 
warning  system  provides  both  safety  for  residents  in 
tile  count  y  and  opport  unit  ies  for  rednet  ion  ot'  propct  t  y 
damages.  Safot y  oriented  actions  which  are  taken  based 
on  informat  ion  from  t  ho  warning  system  include  evacua¬ 
tion  of  flood  prone  areas,  decision-making  on  release 
of  children  from  school,  curtailment  of  gas.  water  and 
electrical  utility  ser\ ice  in  areas  to  he  flooded, 
placement  of  pol ice  and  lire  crews  on  standby  and 
provision  of  advice*  to  travelers.  Damage  reduet  ion 
act  i  v  i  t  i  es  enabled  by  the*  plan  include  evacuat  ion  of 
vehicles  and  contents  of  residences  and  businesses . 
protection  of  livestock  in  rural  areas,  movement  of 
harvested  crops,  and  protect  ion  of  public  equipment  in 
Baltimore  County.  One  of  the  biggest  instances  of 
damage  rennet  ion  result  s  from  relocat  ion  of  finished 
products  at  the  1  lour  mill.  1  he  reduct  ion  of  safety 
problems  and  property  damages  also  reduces  public  costs 
for  clean  up.  rescue,  decent aminat  ion  of  water  mains 
and  other  items.  Important  side  benefits  ot’  the  system 
are  the  sense'  of  security  provided  to  county  resident  s 
and  their  confidence  that  local  government  is  taking  ac - 
t  i on  t o  prot  ect  t  hem  . 

I  he  warning  system  is  thought  to  he  very  re  liable* 
since  all  common  i  cat  ions  by  telephone  are*  hacked  up  by 
radio  and  several  persons  can  make*  flood  forecasts  if 
necessary .  A  senior  dispatcher  familiar  with  operat  ion 
ot  the  system  is  on  duty  at  the  Common  i  cat  ions  Center 
around  the  clock.  flash  flood  alarms  incorporate 

tail -safe  device's  but  ,  in  any  event  .  have'  been  1  0  v'' 
percent  operational  at  all  times  since  their  installa¬ 
tion.  Persona  I  contact  by  firemen  with  resident  s 

needing  to  evacuate  assures  warnings  arc*  received  and 
understood.  Accuracy  of  t  he  flood  warning  system  is 
very  good  with  respect  to  both  the-  predicted  crest 
stage  and  the  est  i  mated  t  i  me  of  flooding  at  various 
a re a s  . 

Public  react  ion  to  the*  system  has  been  excellent 
including  several  very  favorable*  news  stories  point  i  ng 
out  its  benefit  .  Both  local  officials  and  members  of 
the  general  public  call  frequent  lv  for  updates  on  ccm- 
dit  iorrs  when  ra  i  n  is  occurring.  1  he*  execut  ive  branch 
of  county  government  and  tin*  county  council  have*  looked 
lav  oral)  I  y  on  f  i  nano  i  ng  t  he*  syst  cm  .  i  m  I  ud  i  ng  a  willing¬ 
ness  to  fund  all  operational  costs  in  the1  event  federal 
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cost  shat*  ini’  funds  were  not  available.  Public  credi¬ 
bility  of  the  system  is  evidenced  by  the  fact  that 
there  u  as  a  h i gh  response  to  warnings  of  flooding  from 
Hurricane  1  loise  in  1 U  7  S .  As  a  result,  moving  of 
equipment  and  contents  of  structures  made  a  highly 
significant  reduct  ion  in  flood  losses. 

1  1  l  i  c  o  t  t  City  Business  Association  .  t  1  1  i  c  O  t,  t  City 
was  totally  unprepared  for  the  1»72  flooding  which 
resulted  from  Hurricane  Agnes.  Without  any  warning, 
merchants  did  not  ant  icipato  flooding  and  made  no 
attempt  to  move  goods  from  their  business  places. 
Almost  all  business  stocks  were  lost  and  about  s  months 
were  required  fur  the  city  to  recover  and  for  business 
to  operate  normally.  In  contrast.  a  warning  was 

received  about.  11:00  o'clock  the  night  before  flooding 
from  Hurricane  Lloi.se.  About  75  percent  of  the  mer¬ 
chants  in  the  flood  plain  responded  to  the  warning  by 
moving  their  property,  assisted  by  volunteers  from  the 
community.  By  the  time  flooding  began  at  4  or  5 
o'clock  in  the  morning,  all  of  the  merchants  who  had 
made  the  effort  had  saved  a  large  part  of  their  stock, 
stores  were  opened  for  business  within  a  couple  of 
w  e  e  k  s  . 

Experience  during  the  evacuat  ion  showed  most  small 
shops  could  be  cleared  of  valuable  items  in  about  45 
minutes.  Merchants  in  the  community  are  now  very 

sens  it  ive  to  the  flood  threat  and  an  even  higher 
turnout  is  expected  the  next  time  that:  warnings  are 
issued.  I  he  Business  Assoc  i.  at  ion  believes  the  system 
is  very  reliable  and  accurate  and  goes  into  action  to 
spread  warnings  as  soon  as  they  are  received. 

In  addition  to  the  reduct  ion  ol  flood  losses,  the 
warning  system  paid  off  through  the  saving  of  I ives  and 
taking  the  tension  out  of  flood  situat  ions.  1  he  flood 
warning  system  is  thought  to  be  a  very  worthwhile 
investment  which  merchant s  would  rather  have  than  any 
other  insurance  on  their  business. 

Howard  County  Department  of  Pub) ic  Works .  the 
flash  flood  warning  system  has  been  an  excellent  invest¬ 
ment  for  Howard  County.  II  lias  changed  both  the 

damages  and  dangers  posed  by  floods.  I  foods  previously 
occurred  unexpectedly  or  with  very  litt  I  e  warning. 
Now.  most  flood  prone  areas  are  not  ified  well  in 

advance  of  an  oncoming  flood. 
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distributed  fairly  well  throughout  the  year.  I h under  - 
storm  rains  ocrtir  during  all  months  hut  mainly  in  t  hr 
summer  and  are  a  significant  part  of  the  annual 
precipitat  ion.  later  summer  and  autumn  rainfall  is 
occasionally  increased  great  ly  hy  tropical  storms  or 
hurricanes  that  move  in  on  the  lower  le'xas  coast  and 
cii  rve  no  rt  liward  . 

flooding  occurs  frequent  ly  in  the  area  and  cause's 
moderate'  to  severe  damages  to  agricultural  lands  and  to 
urban  developments  in  New  Braunfels.  Small  overflows 
occur  at  least  annually  in  New  Braunfels  and  cause' 
minor  damage  to  yards .  streets  and  crossings.  larger 
floods  that  cause  significant  damage  to  urban  develop¬ 
ments  occur  on  the'  average  of  every  0-10  years.  Rece'nt 
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c  i  r  ni  i  t  .  Po  I  i  c  c  also  rout  nic  I  y  observed  t  ho  I  <  ■  \  <  ■  I  <>  I 
st roams  in  t ho  community  when  heavy  rains  occurred. 
However,  t  lie  city  had  no  airaiiftenieiil  s  for  dissominat  ion 
of  warnings  and  no  prepared  plan  for  responding  to 
warnings.  It  was  assumed  that  what  ever  emergencies 
arose  during  a  flood  could  ho  dealt  with  successfully 
by  o  x  t  ontporanooti  s  act  ion. 

flash  flood  warnings  for  t  lie  Now  llr.iiuil'el  s 
vicinity  which  could  he  provided  hy  the  Nat  ional 
Weather  .'service  were  necessarily  genera  I  i/ed  due  to  a 
lack  of  detailed  information  on  rainfall  occurring  in 
the  drainage  areas  between  Canyon  Dam  and  the  city. 
Since  flooding  could  begin  in  New  Braunfels  short  ly 
after  the  beginning  of  intense  rains  in  the  upstream 
areas,  even  the  generalized  warnings  which  were  issued 
left  litt  le  time  for  evaewat  ion  of  persons  or  protec  ¬ 
tion  of  property  in  low-lying  areas. 

During  t  ho  night,  of  May  II  .  10  7—.  intense  rains 

caused  a  severe  flash  flood  along  the'  Guadalupe.'  River, 

Comal  River  and  Blinders  Creek.  Seventeen  people  were 
k  i  1  1  eel  at  New  Braunfels  hy  the  flood  and  damage  in  the' 
community  was  est  i  mat  eel  to  he-  approximately  $2  5  million 
to  private  property,  $2-.S  mill  ion  to  public  preipert  y  , 
and  an  add  i  t  ional  large*  hut  undet  e'rm  i  nod  amount  due'  to 
damage*  and  dest  rue  t  ion  of  st  reet.s  and  bridge's.  0ve*r  a 
year  was  required  for  the  community  to  repair  flood 

damage's,  restore*  all  services  and  resume  normal  npera- 

t  ions.  Some'  I  SO  Jobs  were*  lost  permanent  ly  as  a  resul  t 
ot  the*  flood  when  a  factory  which  had  sustained  he-avy 
losse-s  decided  to  close  rat  he*r  than  make'  the-  re-pairs 
necessary  *  t  <»  resume*  onrrat  ions. 

Informal  ion  which  was  available*  at  the-  t  i  me-  on 

rainfall  prior  to  the*  1072  flood  indicated  about  7 
inches  of  rain  had  f a  1  len  in  Ne*w  Braun f e*  1  s  and  S  inche's 
of  rain  had  fa  I  I  e-n  at  Canyon  Dam.  1  st  im.it  e-s  we're  I  at  er 
made  that  up  to  lb  inches  of  rain  had  fallen  in  the 
area  bet  ween  Canyon  Dam  and  the-  City. 

A  flash  flood  warning  was  issue'd  hy  the-  Nat  ional 
Weather  Service  for  several  count  i  es  at  s  p.m.  whic  h 
s  t  a  t  e  d  : 
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\  I  I  a--,  1 1  I  I  <><xl  warniny  is  in  (ilVi  l  uni  i  I  in  i  cl  r  i  i  ylit 
<  i  ■  n  t  r ,  i  I  <  I .  i  v  I  i  y  1 1 1  I  i  ni  i  *  lot  |  >  <  •  i  •  <  1 1 1  s  in  I J  <  •  \ .  i  r  . 

Bandera.  Krai.  Ki-i  r  ,  Kendall.  (  i  nna  I  .  Medina.  I  i  i  <  >  . 

\laci)ir.i.  Iv  i  I  Min  .  kaiinm.  ( .  1 1  a  d .  i  I  1 1 1  >  e  .  and  l.nn/.iles 

i  oiiiiI  i  i",  in  I  e  \  a  s  .  II e a  \  \  lain  w ,  i  i  1 1  d  i  <  a  (  e  d  I  >  \ 
radar  north  of  san  \nt  nnin  and  other  heat  \  rain 
was  reported  h  \  the  ~.  1 1  e  r  i  f  I  '  s  o  I  I  i  e  e  in  A  t  a  c  o  s  c  o 

(  on  n  (  \  at  ~  :  4  i  l‘ .  M .  i  rut  I  a  I  da  \  I  i  till  t  t  i  m<  ‘  .  I  he 

heat  \  rain  will  he  moving  northward  nter  t  1 1  e  i  • 

e  o  1 1  n  t  i  e  tonight  and  flash  I  I  o  o  d  i  1 1  y  is  I  i  k  r  I  t  . 

I’er  sons  It o n  I  d  he  alert  I  hron^hmil  tonight  lor 

pn-.',  i  I)  I  e  t  I  ood  i  n  y  atony  -.1  l  eant'.  and  I  ow  - w  at  e  r 

CI  O'.',  i  II”'.  . 

A  subsequent  more  spe<  it  ir  turn  I  ii“  lor  (aiadalnpe 

a  nd  (  oin.i  I  (imnt  i  e'  u  a  ->  i  "iicd  at  II:  It'  p  .in  .  I  I  ood  i  nu 

hey,  a  n  ninny  '.mailer  tributaries  in  the  New  llramitV  I  ' 

area  a  t  alien  t  I  I  t'  p  .  in  .  and  a  I  on  y  t  In  •  main  si  reams  at 

a  hoi  it  12:  ,'0  a  .  in  . 

Uli  i  I  e  the  warn i nys  i  s  sited  l>\  l  lie  Nat  i  on  a  I  heather 

s<  •  !■  t  i  ce  reat  lied  Nets  lira  n  ii  I  e  I  s  .  that  area  t  -  mum  on  I  \ 

receives  I'  r e ( |i i e n t  severe  neat  hei  and  flash  flood  nat  n- 
i  ny s  and  those  t ci  e  i  veil  did  not  cause  a  itia , j o r  response 

t  o  he  nndert  aken  .  I  ark  of  response  nas  at  t  r  i  lint  ed  t  o 

the  expectation  of  protection  b  v  (  anton  reservoir, 

disrupt  ion  of  eoitmin  n  i  ca  t  ions  bv  the  storm  and  lack  of 

tea  I  i  /  a  t  i  on  of  the  h  n  ye  magnitude  of  the  i  m  pen  d  i  n  y 

f I ood . 

As  a  result  .  people  here  lar.yelt  unprepared  for 
the  floodiny.  I  ten  alter  it  was  recoyni/ed  that  a  flood 
of  serious  dimensions  nas  imminent  .  disseininat  ion  of 
warn  i  ttys  and  other  responses  which  could  have  saved 
I  i  ns  were  hand i capped  because  early  floodiny  disrupted 
electrical  service  t  lironyh  much  of  the  community. 

I  I  ood  h  a  rn  i  ny  by  s  t  eni 

Implement  at  ion  of  the  flood  warniny  proyram  now 
protect  iny  the  New  lirannfels  area  was  beynn  i  milled  i  at  e  I  v 
alter  the  I o  7 -  flood.  I  he  principal  parts  of  the 
proyram  are  illustrated  in  schema!  ic  form  in  I  i  ynre 
A  -  4  •  I  hey  i nc I nde : 

I  .  Radio  commnn  i  ca  t  i  oils  c  I  nil  with  S  S  mobile 

units  and  two  base  si  at  ions: 
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2.  Network  of  10  rainfall  observers  equipped 
with  pi  astir  rain  ftap.es  supplied  by  (he 
National  Weather  Service:  and 

,v.  A  flood  forecast  i  ng  system  prepared  by  the 
Nat  ional  Weather  Service  which  relates 
rainfall  to  expected  stream  stapes. 

The  measurement  and  report  inp  of  rainfall  by- 
observers  is  activated  by  the  New  Braunfels  and  Comal 
County  Civil  Defense  Coordinator  upon  receipt,  of  infor¬ 
mation  from  National  Weather  Service  by  teletype ,  radio 
or'  telephone  that  heavy  rains  arc'  expected.  Standard 
operat  inp  procedures  also  provide  for  the  flood 
recognition  system  to  be  activated  any  t ime  an  observer 
notes  2  inches  or  more  of  rain  at  his  location. 
Observations  are  telephoned  to  the  emergency  Operating 
Center  where  forecasts  are  prepared  and  periodically 
updat ed . 

Members  of  the*  radio  common  i  cat  ions  club  are 
dispatched  to  observe  the-  rivers  and  creeks  in  the 
area.  As  needed  in  the  event  of  failure'  in  telephone 
service  between  observers  and  the*  emergency  Operat  inp 
Center ,  mobile  units  are  a  1  so  dispatched  to  rainfall 
observer  locations  to  transmit  rainfall  data. 

Based  on  predicted  flood  levels,  the  Civil  Defense 
Coordinator  issues  warnings  to  elected  officials  of  New 
Braunfels  and  Comal  County.  Now  Braunfels  police'  and 
fire  departments ,  the*  radio  station  serving  the  area, 
and  several  downstream  towns.  Warnings  arc*  disseminated 
to  the  public  by  radio,  use  of  mobile  public  address 
systems  on  police;  and  fire  department  vehicles  and  by 
door-to-door  cont act . 

Members  of  the  communications  club  carry  their  own 
insurance  at  an  annual  cost  of  $4  •  ('  1  per  person  for 
$10,000  life  insurance  and  $1,000  medical  insurance. 
The  communications  club  has  also  been  licensed  as  a 
Civil  Defense'  Rescue  Squad.  Oner  qualified  for  use  of 
surplus  government  propert  y .  the'  club  obtained  low-band 
radios  for  $.10  each,  expended  an  average  of  $120  each 
to  put  radios  in  servic  able  condition  and  provides  them 
to  members  at  the'  club's  expense.  The  club  has  two  base 
stations  and  two  antennas,  one  linked  by  telephone  to  a 
basc>  station  located  at.  the;  Tmergency  Operating  Center. 
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1  he  original  cost  to  local  government  for  (  lit* 
flood  recognition  system  was  approximately  $100  for 
installation  of  a  dedicated  telephone  line  linking  the 
Emergency  Operat  ing  Center,  County  Sheriff  and  radio 
station.  Ten  rain  gages  costing  a  total  of  $140  were 
furnished  by  the  National  Weather  Service.  1  he  rout  inn¬ 
ing  costs  for  system  operation  and  maintenance  are 
approximately  $2S0  annually  for  telephone  1  i  ne  charges 
and  toll  telephone  charges  for  calls  from  rainfall 
observers,  $2S  of  which  is  matched  annually  by  the 
State  using  federal  funds. 

Staff  t i me  to  operate  the  flood  recognition  system 
is  estimated  to  be  400  hours  annually.  Of  this  time, 
approximately  1,10  man-hours  are  devoted  yearly  to 
preparatory  actions,  pract  ice  and  training  of  part  ici- 
pants  and  the  remainder  for  actual  operation  of  the 
system  during  a  flood  threat  .  Since  its  incept  ion,  tin- 
system  has  been  used  some  1  S-20  t  i  mes  to  predict  flows 
when  a  flood  threat  existed. 

Apart  from  their  part  ici  pat  ion  in  the  flood  pre¬ 
diction  system,  rainfall  observers  are  separately 
activated  about  20-10  t  irnes  annually  to  provide 
rainfall  informat  ion  to  the  radio  station  for  local 
weather  reports.  This  frequent.  use  of  the  observer 
system  negates  the  need  for  font  inning  training  and 
practice.  the  Civil  Defense  Coordinator  holds  two 

meetings  annually  with  the  communications  club  for 
coordination  and  the  Nat  ional  Weather  Service  inspects 
precipitation  gages  about  once  a  year  to  assure  their 
sat i sf actory  cond i t i on . 

Reliability  of  operation  <>f  the  flood  recognition 
system  is  provided  through  redundencv  of  common i cat  ion 
1  inks,  observat  ion  of  upstream  water  levels  to  confirm 
impending  flooding  and  availability  of  multiple  persons 
capable  of  interpreting  rainfall  data  and  predict  ing 
flood  heights,  evacuation  is  based  on  visual  c<mf  irm;i- 
t  i  on  of  flooding  in  upstream  areas  by  observat  ion  of 
staff  gages  by  members  of  the  common  i  cat  ions  club. 
Altogether,  the  system  adds  about  10  minut  es  t  o  t  he 
warning  time  which  would  otherwise  be  available.  All 
pert  inent  city  depa r ' men t s  have  standard  operat  ing 

procedures  for  response  to  flood  warnings  which  arc 
coordinated  through  a  joint  city  and  count >  Civil 
Defense  emergency  Plan. 
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Views  of  Local  Officials 


New  Braunfels  and  Comal  County  Civil  Defense 
Agency .  The  largest  value  of  the  system  is  in  extend¬ 
ing  the  warning  time  of  floods  from  practically  zero  up 
to  30  minutes,  which  is  enough  to  warn  and  evacuate  low 
areas  and  save  considerable  property.  The  value  of 
warning  time  was  made  obvious  in  1972  by  the  difference 
between  the  large  loss  of  life  at  New  Braunfels  and  the 
loss  of  only  1  life  in  heavily  populated  floodplain 
areas  downstream  which  received  warnings  issued  after 
New  Braunfels  began  to  flood.  The  second  major  value 
of  the  system  is  the  confirmed  information  on  flood 
severity  which  eliminates  both  overreaction  and  false 
a  1  arms . 

The  advance  warning  of  floods  is  used  to 
accomplish  evacuation  of  dangerous  areas,  move  city 
equipment  to  safety  from  its  normal  storage  area  on  the 
flood  plain,  and  bring  emergency  services  in  the  area 
to  an  increased  state  of  readiness.  It  is  estimated 
tha^  the  opportunity  to  move  city  equipment  before  a 
severe  flood  would  result  in  a  reduction  of  damages  of 
about  $1  million,  almost  half  of  all  identified  public 
losses  in  the  1972  flood.  Altogether,  it  is  estimated 
that  the  advance  warning  would  enable  a  25  percent 
reduction  in  the  total  damages  that  would  otherwise 
occur  in  a  severe  flood  as  well  as  shortening  the  time 
required  for  restoration  of  services.  In  terms  of  the 
investment  made  in  establishing  and  operating  the 
system,  "a  return  of  1,000  times  over  is  no  exaggera- 
t i on  * " 


To  date  the  system  has  encountered  no  problems  of 
any  type  in  its  operation  except  difficulty  in  accurate 
estimation  of  river  stages  by  members  of  the  communica¬ 
tions  club.  This  was  rectified  by  placement  of  staff 
gages  at  various  river  crossings.  In  addition  to 
floods,  the  communications  club  is  available  for  use  in 
other  emergencies  and  the  frequent  use  of  both  the 
communications  club  members  and  the  rainfall  observer 
network  minimizes  any  need  for  training. 

The  system  is  viewed  as  being  "literally  100 
percent  sure  of  operation  and  very  accurate."  The 
existence  of  the  system  is  viewed  as  a  distinct  plus  by 
city  officials  and  supported  by  both  them  and  t ho 
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public.  One  advantage  ol'  the  system 
making  res i deni s  aware  of  the  flood  t 
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New  liriinnlel  s  l’ol  ice  Department..  1  he  direct 

benefits  to  the  Pol  ice  Department  of  the  early  warning 
provided  by  the'  flood  warning*  system  is  the  opportunity 
to  begin  evacuat  ion,  make  arrangements  for  traffic 
control,  prepare  emergency  housing  and  act  i vat  e  the 
Emergency  Operations  (’enter  to  fully  opera*  ional  status. 

the  30  minutes  of  early  warning  saves  money  in  a 
variety  of  ways.  The  chance  to  move  pub  I  ic  proper!  y  can 
mean  a  "tremendously  large'"  savings.  In  addition,  tin' 
warning  system  helps  in  sett  ing  up  manpower  both  to  as¬ 
sure  adequate'  staff  is  on  duty  and  to  avoid  unnecessary 
overtime.  The  system  enables  avoidance  of  overreac¬ 
tions  to  flood  threat  situat  ions  which  would  discredit 
emergency  warnings  in  general  and  lead  to  a  t'alsc  sense' 
of  security.  Another  benefit  of  tin*  combined  warning 
system  and  response  plan  is  the  eliminat  ion  of  chaos 
arid  ”05  to  S3  percent  of  the  mistakes  which  arc'  made' 
wht'n  it's  necessary  to  act  without  enough  time  to 
think.”  Even  the  short  warning  t  i  me  which  is  available' 
enables  evacuating  a  suh.st  ant  in  I  amount  of  personal 
property  from  home's  and  businesses,  flic'  avai  I  ah  i  I  it  y  of 
specific  informal  ion  also  enables  giving  aprehensive 
people  better  answers  about  what  to  expect. 

The  warning  system  is  viewed  as  an  ex cel  lent 
investment  for  which  practically  no  expense  is 
required.  1  he  system  is  well  known  to  elected 

officials  and  supported  both  by  t  hem  and  the  general 
pub  lie. 

New  Braunfels  fire'  Department  .  far  1  y  warnings 
provided  through  the  flood  warning  system  are  used  by 
the  lire  Depart  ..merit  to  identify  problem  si  rcct  cross¬ 
ings  and  underpasses  and  prepare  alternate  routes  for 
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cari'yins  out  t’  i  re  fight  ing.  warning  and  rescue. 
Warnings  are  also  used  to  alert  downstream  common  it  i  es 
of  the  coming  flood. 

The  warning  system  is  thought  to  be  very  valuable 
through  enabling  people  to  move  vehicles  and  other 
personal  property  which  would  otherwise  be  lost.  the 
expressed  view  is  that  t  ho  required  investment  is  "well 
worthwhile  and  any  community  with  a  flood  problem 
should  find  the  money  somewhere  and  put  in  a  warning 
system . " 

New  Braunfels  City  Manager.  1  he  flood  warning 
system  and  preparedness  plan  provide  "outstanding 
coordination"  that  aids  the  city  in  being  "ready  for 
any  eventuality."  Saving's  due  to  the  system  are  "up  to 
untold  millions  depending  on  severity  of  the  flood." 
The  system  is  used  frequently,  and  well  supported  by 
the  community's  elected  officials  and  the  general 
public.  the  city  administration  has  no  concerns  at  all 
about  liability  or  other  problems  result  ing  from 
operation  of  the  system  or  action  based  on  the  warnings 
which  are  generated. 


SANTA  Y N E Z  RIVF.R 


The  Santa  Yne/  River  rises  in  the  San  Rafael 
Mountains  near  the  eastern  boundary  of  Santa  Barbara 
County,  California.  the  river  flows  westerly  through  a 
series  of  valleys,  discharging  into  the  Pacific  Ocean 
at  Surf,  California  (Figure  A  —  5 )  *  The  Santa  Yne/ 
watershed  is  roughly  rectangular  in  shape  with  an  east- 
west  length  of  about  00  miles  and  a  north-south  width 
varying  from  8  to  20  mi  1  es .  The  watershed  has  a  total 
area  of  about  000  square  mi  1 es . 

The  upper  half  of  the  Santa  Yne/  watershed  is 
characterized  by  narrow  valleys  and  steep,  rugged 
slopes.  Flood  plains  in  the  upper  watershed  are 

sparsely  developed  and  much  of  the  land  is  wilderness 
area  included  in  I  os  Padres  National  Forest.  ihe  lower 
portion  of  the  water-shed  is  characterized  by  broad  flat 
valleys  flanked  by  rolling  hills.  Developments  in  the 
lower  valley  which  are  subject  to  flooding  include  a 
portion  of  Vaudenberg  Air  For ce  Base,  a  small  port  ion 
of  the  city  of  l.ompoc  (  1  ‘>70  population  of  2  S,  284  I, 
commercial  and  industrial  facilities  in  the  suburban 
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area  around  l.umpuc  ,  Southern  Pacific  Railroad  facili¬ 
ties  and  agricultural  property.  The  economy  of  t  he 
area  depends  heav  i  1  y  on  agriculture'  and  tourism  at 

present.  However.  much  of  the  recent  and  expected 
future  growt.lt  is  related  to  set  t  lenient  in  the  area  of 

personnel  associated  with  Vandenberg  Air  force*  Base  or 
related  missi  le  and  space  program'.. 

Mean  annual  precipitat  ion  in  the  watershed  ranges 
from  about.  11  inches  in  the  lower  I  e.o  lie's  to  about  4  t 

inches  in  the*  higher  ele\nt  ions  of  the  watershed. 
Rainfall  intensities  of  2  inches  per  hour  m.i >  occur. 

I  he  greater  part  of  the-  annual  taint  all  occurs  from 
November  through  April.  I  lootling  in  the-  watershed  is 
usually  the1  result  of  protracted  storms  of  four  or  five- 
days  durat  ion  that  occur  in  the  period  from  December 

through  March.  some  snow  occurs  in  the1  higher  moun¬ 
tains  but  it  is  not  a  significant  tact  or  in  tile* 
f I ood i  ng  prob 1 em . 

1  here  are  three  dams  of  significant  si/e  in  the 
watershed.  Juncal.  (libra  l  tor.  and  Bradbury  (lake 
Cacbuma  I  ,  all  of  which  are  located  on  t  lie  river's  main 
stem.  Bradbury  Dam.  built  and  operated  by  the*  T  .  >  . 

Bureau  of  Reclamation,  is  the*  largest  of  the*  three  dams 
and  is  capable  of  storing  about  20S.000  acre-ft  .  of 
water.  exclusive  of  surcharge*.  All  of  the  reservoirs 
are*  operated  for  water  supply  and  conservat  ion  purpose's 
and  only  Bradbury  has  sufficient  capacity  to  provide 
incidental  flood  control  benefits  to  downstream  areas. 
Operating  procedure  for  Bradbury  Dam  requires  impound¬ 
ment  of  flood  waters  until  the  reservoir  is  full  and 
then  release  of  water  at  a  rate  approximately  equaling 
inflows.  Drawdown  of  the  reservoir  in  ant  ieipat  ion  of 
incoming  flood  flows  is  not.  permitted  since*  flood 
control  is  not  an  authorized  purpose  of  the  f ac i lity. 

1  Icicids  occur  fairly  frequent  ly  in  the*  Santa  Yne/ 
watershed.  They  usually  rise  to  their  peak  within  24 

hours  after  intense  rainfall  begins  and  subside  within 
a  day  after  passage  of  the  crest.  Historical  records 
indicate  nearly  20  significant  floods  have  occurred  in 
the  ^1  year  period  of  1 007-1 07S.  A  flood  occurring 
20-20  January  1000  was  unusually  large,  having  an 
est  i mated  return  interval  of  approximately  SO  years. 
Iwo  other  floods  of  large  magnitude  also  have*  occurred 
including  one'  in  1007  which  is  thought  to  have  exceeded 
the  1060  flood  in  peak  discharge. 
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Damages  resulting  from  floods  in  the  watershed 
include  destruction  of  agricultural  buildings  and 
fences,  loss  of  livestock  and  crops,  road  and  bridge 
losses,  erosion,  loss  of  agricultural  and  non-agr i cu 1  - 
tural  equipment,  disruption  of  utility  services  in 
Lompoc,  damage  to  railroad  facilities  and  losses 
incurred  at  Vandenberg  Air  Force  Base.  Flood  losses  at 
Vandenberg  Air  Force  Base  which  have  occurred  include 
disruption  of  communications  and  transportation, 
inundation  of  buildings  housing  computers  and  other 
expensive  equipment,  destruction  of  sewage  treatment 
lagoons  and  erosion.  Flooding  also  poses  a  threat  to 
life  along  the  floodplain  throughout  the  length  of  the 
Santa  Ynez  River  and  flooding  of  Vandenberg  Air  Force 
Base  is  detrimental  to  national  defense.  The  princi¬ 
pal  losses  caused  by  the  January  1969  flood  were 
estimated  to  be  in  excess  of  $5*9  million  including 
about  $3  million  at  Vandenberg  Air  Force  Base,  $1.2 
million  to  roads  and  bridges,  $1  million  to  agriculture 
and  $.7  million  to  railroads. 


Flood  Warning  System 

Implementation  of  the  Santa  Ynez  River  flood 
warning  program  was  begun  shortly  after  the  January 
1069  flood.  The  program  was  developed  by  the  Santa 
Barbara  County  Flood  Control  and  Water  Conservation 
District.  Figure  A-6  shows  a  schematic  illustration  of 
the  program. 

The  flood  recogni t ion  system  portion  of  the  pro¬ 
gram  includes  automatic  collection  of  data  from  10 
precipitation  stations,  3  reservoir  level  gages,  10 
gages  on  flood  gates  at  Gibralter  and  Bradbury  Dams, 
and  1  stream  stage  gage  on  the  Santa  Ynez  River  located 
at  Lompoc,  California.  The  data  collection  system 
provides  for  three  modes  of  operation  including 
automatic  reporting  on  a  "change  of  status"  basis, 
interrogation  by  telephone,  and  automatic  reporting  on 
an  elapsed  time  basis.  All  data  transmissions  are  over 
dedicated  telephone  lines  to  the  District's  offices  in 
Santa  Barbara,  California.  Collected  data  may  be 

either  printed  directly  by  teletype  or  entered 

automatically  into  a  NOVA  12  mini  computer  system  for 
analysis  and  re duct  ion  before  printing.  Processed 
information  on  precipitation  and  reservoir  releases  may 
be  input  into  a  watershed  model  operated  on  a  Hewlett 


A-  21 


* 


lib* 


SANTA  YNEZ  RIVER 
FLOOD  WARNING  SYSTEM 


I'a<  kard  U'V'O  computer  I'oi1  prediction  of  flows  at 
various  points  in  the  watershed ,  including  inflow  to 
Bradbury  Da  in. 

Bused  on  predicted  flows,  the  District  issues 
warnings  in  accord  with  an  emergency  procedures  manual  . 
The  manual  specifies  act  ions  to  he  t  aken  and  part  ies 
to  he  emit  act  etl  for  each  of  several  predicted  flow 
levels  tor  various  port  ions  of  the  watershed.  I  he 
emergency  procedures  manual  .also  includes  direc  t  ions 
for  act  ion  in  event  of  sudden  failure  of  Bradbury  and 
other  dams  in  the  watershed.  standardized  warning 
messages .  and  maps  showing  areas  of  the-  watershed 
inundated  by  various  flows. 

1  he  primary  recipients  of  flood  warnings  issued  by 
the  District  include-  the-  Santa  Barbara  County  Slier  iff, 
City  of  1  ompoc  .  ''ant  a  Barbara  County  Fire  Department  . 
Vandenberg  Air  force  Base-,  count  y  supervisors.  C.S. 
Bureau  of  Kec 1 amat  ion  (Bradbury  Dam  operator).  and 
radio  and  te-levision  stations  serving  t  he  area. 
Warnings  arc-  disseminated  to  the-  public  by  radio  and 
television  st  at  ions,  sirens,  public  address  systems  on 
police  and  fire-  vehicles,  and  by  telephone. 

Original  cost  of  the  .Santa  Vtiez  River  flood 
warning  program  was  approximately  $50,000  including 
acquisition  and  installation  of  equipment.,  development 
of  the  watershed  model  and  associated  staff  t  i  me- . 
Original  costs  were  met  largely  by  the  Flood  Control 
and  Water  Conservation  District  with  contributions  from 
the-  U.S.  Air  Force  and  other  ant  icipated  beneficiaries 
of  the  program.  Annual  costs  for  operat  ion  and  main¬ 
tenance  of  the?  program  vary  according  to  the-  amount  ot 
time  the  flood  recognition  system  is  in  use-  but  are 
estimated  to  be  about  $1  ,000  excluding  staff  t  i me . 
estimated  st  aff  time  devoted  to  t  he  operat  ion  and 
maintenance  of  the  system  is  est  imated  to  range  from 
I  to  1/2  man-year  annually.  Major  beneficiaries  of 
warnings  assist  in  meet  i  ng  operat  ion  and  maintenance 
cost  s  . 


V i ews  of  local  Officials 

Santa  Barbara  County  Flood  Control  and  Water  Con- 


from  2  hours  which  was  available  without  the  system  up 
to  about  8  hours  at  Bradbury  Dam  and  1 2  hours  at 
Lompoc;  and  b)  availability  of  information  on  the 
severity  of  impending  floods.  In  addition,  development 
of  the  system  and  the  data  collected  through  the  system 
have  added  considerably  to  knowledge  of  watershed's 
hydrology.  Benefits  of  the  early  warnings  which  are 
issued  include: 

1.  Safety  through  prov  is  ion  of  adequate*  time 
for  evacuation  of  persons  living  in  areas 
subject  to  flooding; 

2.  Reduction  of  damages  through  enabling 
evacuation  of  movable  property  and  an  early 
beginning  of  flood  fighting  activities; 

3.  Earlier  post-flood  recovery  and  lesser 
rehabilitation  cost;  and 

4.  Improvement  of  reservoir  regulation,  provid¬ 
ing  both  reduction  of  flood  damages  and 
water  conservation  benefits. 

The  system  is  considered  to  be  highly  reliable. 
The  only  significant  operational  problem  experienced  to 
date  has  been  transmission  of  an  occasional  false  read¬ 
ing  from  a  gage  due  to  a  lightning  strike  in  the 
vicinity.  However,  false  readings  are  i  ndent if iabl  e 
and  therefore  cause  no  false  predictions  of  flood 
levels.  System  accuracy  has  proved  excellent.  Figure 
A-7  shows  predicted  versus  actual  hydrographs  for  a 
flood  occurring  March  3-5>  1978.  Forecasts  have  a  high 

credibility  with  the  public. 

No  adverse  public  reaction  to  the  system  has  been 
experienced.  Local  elected  officials  support  the  system 
and  have  raised  no  objections  to  provision  of  funds  for 
operation  and  maintenance.  No  problems  with  liabili¬ 
ties  or  legal  action  of  any  type  have  arisen  from 
operation  of  the  system  and  none  are  anticipated.  The 
principal  concern  associated  with  use  of  the  system  is 
maintenance  of  the  technical  capability  on  staff  which 
is  necessary  for  its  continued  operation. 

The  overall  assessment  of  benefits  of  the  warning 
system  is  that  the  investment  is  returned  a  thousand¬ 
fold. 


Tlm«  (Hour*) 

FIGURE  A- 7  PREDICTED  VS.  ACTUAL  INFLOW  TO 
LAKE  CACHUMA 


Santa  Barbara  Shei'i  I'f's  Department  .  Advanc  e 

warnings  of  floods  received  from  the  Santa  Barbara 
County  Flood  Control  and  Water  Conservation  Department 
are  relayed  by  the  Sheriff's  Department  to  the  County 
Administrator.  Warnings  are  also  used  by  the  Sheriff's 
Department  for  preplanning  of  emergency  activities  and 
for  scheduling  and  placement  of  personnel .  I  he  system 
is  considered  to  be  dependable  and  acted  on  without 
further  confirmation.  The  principal  benefit  of  the 
system  in  the  view1  of  the  Sheriff's  Department  is  the 
increased  safety  of  flood  plain  residents. 

U.S.  Bureau  of  Reclamation  (Bradbury  Dam  Opera  - 
tions  )  .  Predictions  of  flow  into  lake  Cachuma  and 
other  information  available  from  the  Santa  Yne/  River 
flood  warning  system  are  used  in  operation  of  Bradbury 
Dam  in  a  variety  of  ways  including: 

1.  Warning  of  persons  immediately  downstream 
of  the  dam  about,  impending  releases  which 
could  cause  flooding  of  lowlands  so  that 
livestock,  equipment  and  other  property  can 
be  moved  to  safety  or  otherwise  protected; 

2.  Determining  the  need  to  hire  staff 

necessary  to  operate  the  dam  during  periods 
when  releases  are  being  made  and  scheduling 
work  hours; 

3.  Avoiding  over-release  of  waters  which  would 
waste  valuable  water  and  increase'  down¬ 
stream  flooding; 

4.  Coordinating  the  operation  of  the  several 
dams  on  the  river;  and 

5.  Scheduling  minor  manipulations  of  dam  out¬ 
flows  to  avoid  coincidence  of  outflows  from 
the  dam  with  peak  flows  otherwise  occurring 
on  the  river. 

The  warning  system  is  believed  bv  the  Bureau's 
representative  to  be  reliable  and  fairly  accurate  and 
creditable  with  the  public.  The  availability  of  the 
advance  warning  is  thought  to  be  of  considerable  value 
to  the  Bureau's  operation  although  t ho  amount  of 

benefit  cannot  be  easily  determined.  With  respect  to 

the  overall  Santa  Ynez  Valley,  the  warning  system  is 
viewed  as  being  very  effective  in  terms  of  providing 


safety  and  tremendously  product  ive  as  a  means  of  reduc  - 
ingf  1  ood  diimagivs  . 

Vandenberg  Air  I  orce  llasc.  Officials  at  Vanden- 
herg  Air  force  Base  pi  acre  sufficient  value  on  warnings 
prov  i  tied  by  the  flood  warning;  system  that  they  have  had 
i  11st.  a  1  led  and  pay  for  a  private  I  ine  tea  the  offices  of 
the  Santa  Barbara  flood  Control  and  Water  Conservation 
District  to  assure-  immediate  availability  of  warnings. 
Warnings  received  are  deemed  to  have  sufficient  cred- 
ibi  1  it.  y  and  accuracy  to  serve  as  an  immedate  basis  of 
action.  1  he  value  of  warnings  to  the  base  is  in 
benefits  which  result  from: 

1.  Provision  of  time  necessary  to  re-route  electri¬ 
cal  power  and  communications  to  secure  conti¬ 
nuity  of  operations  to  various  activities 
including  those  relevant  to  national  security 
and  avoidance  of  expensive  "holds"  in  space¬ 
craft  launchings: 

2.  Relocation  of  contents  from  and  protect  ion  by- 
sand  bagging  of  administrative  offices,  space¬ 
craft  assembly  buildings,  base  shops,  and 
vehicles; 

3.  Initiation  of  patrols  for  erosion  and  bridge- 
damage  and  protection  of  various  utilities 
crossing  the  Santa  Ynet  River,  leading  to 
faster  recovery  from  flood  damage. 

4.  Increased  safety  of  base  personnel ;  and 

S  .  Improved  overall  handling  of  flood  situations 
by  providing  the  time  necessary  for  a  system¬ 
atic  and  well— planned  response. 

As  noted  earlier,  damages  at  Vandenberg  Air  force 
Base  due  to  the  January  ldbb  flood  were  approximately 
$3  million.  Officials  estimate  that  the  availability 
of  early  warnings  would  cut  losses  by  at  least  one-half 
in  any  future  recurrence  of  a  flood  of  that  magnitude. 

City  of  Lompoc.  Up  to  10  hours  advance  not  ice  of 
floods  are  provided  to  the  City  of  Lompoc  by  the  Santa 
Yncz  River  flood  warning  system.  Use-  is  made  of  the 
warning  by  the  city  to: 
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].  Notify  city  police,  community  development, 
fire,  and  utility  departments  to  make  appro¬ 
priate  increases  in  on-duty  staff  or  place 
crews  on  stand-by  to  prepare  for  warning 
evacuation,  debris  clearance,  sandbagging  and 
other  f 1 ood- re  1 ated  activities; 

2.  Valve  off  water  and  sewage  lines  crossing 

under  the  Santa  Ynez  River  to  avoid  contamina¬ 
tion  of  potable  water  supplies  and  spills  of 
raw  sewage ; 

3.  Begin  patrols  of  the  river  bank,  evacuate  a 

city  park  and  campground  vulnerable  to  flood¬ 
ing,  begin  observation  of  streets  leading  to 
flood -prone  areas  and  take  other  actions  to 
assure  safety; 

4.  Prepare  and  test  the  city's  auxiliary  electri¬ 
cal  power  system; 

5.  Prepare  sandbags  and  sand  for  use,  provide 

sandbags  and  sand  to  residents  and  begin 
sandbagging  to  protected  selected  areas; 

6 .  Warn  city  residents;  and 

7.  Warn  outlying  commercial  and  industrial 

establishments  and  farmers. 

fhe  warning  system  is  thought  by  Lompoc  city 
officials  to  be  very  reliable.  No  difficulties  whatso¬ 
ever'  of  a  legal  or  other  nature  have  arisen  in 
connection  with  the  distribution  of  warnings. 

WISE  COUNTY,  VIRGINIA 

Wise  County  is  located  in  the  southwest  portion 

of  Virginia.  The  principal  streams  with  headwaters  in 
the  county  are  the  Powell  and  Guest  Rivers,  each  of 
which  have  numerous  tributaries  (Figure  A-8  )  .  The 
Clinch  River,  with  headwaters  approximately  60  miles 
upstream,  flows  through  the  southeast  portion  of  the 
county . 

The  Powell  River  watershed  forms  a  rough  circle 
approximately  14  miles  in  diameter.  The  city  of  Appa¬ 
lachia  (  1  d  7  0  population  of  2,161)  is  located  at  the 


A- 28 


FIGURE  A-8 .  WISE  COUNTY,  VIRGINIA 


junction  of  the  Powell  River-  and  Callahan  Creek,  one  of 
its  major  tributaries.  Callahan  Creek  has  a  drainage 
area  of  28.  Q  square  miles  and  at  the  lower  end  of  the 
city,  the  Powell  River  has  a  drainage  area  of  108 
square  miles.  There  is  residential  development  on  both 
sides  of  the  Powell  River,  with  considerable  commercial 
and  residential  developments  on  the  flood  plains  of 
both  the  Powell  River  and  Callahan  Creek. 

Big  Stone  Gap  (1Q70  population  of  4-15.31,  is  about 
three  miles  downstream  of  Appalachia,  at  the  junction 
of  the  Powell  and  South  Fork  Powell  Rivers.  1  he 
drainage  areas  of  the  Powell  and  South  Fork  Powell 
Rivers  at  Big  Stone  Gap  are  respectively  157  and  40.  Q 
square  miles.  Most  of  the  business  and  resident  ial 
developments  at  Big  Stone  Gap  are  on  high  ground 
between  the  two  rivers  and  on  the  north  side  of  the 
Powell  River  but  there  are  important  commercial  and 
res  i  dent  i  <• 1  developments  on  flood  plains  along  both 
r  i  vers . 

The  city  of  Coeburn  (1170  population  of  2,31*2  1  is 
located  in  the  Guest  River  watershed  at  the  junction  of 
the  Guest  River,  Toms  Creek  and  1  it  tie  Toms  Creek.  The 
downtown  portion  of  the  community  and  some  residential 
developments  are  located  on  the  flood  plains  of  the 
several  streams. 

Topography  in  the  vicinity  of  all  of  the  communi¬ 
ties  is  hilly.  The  upper  port  ion  of  both  the  Powell  and 
Guest  River  watersheds  are  mountainous.  Streams  in  the 
upper  areas  are  characterized  by  V- shaped  valleys  and 
very  steep  gradients.  Tower  reaches  of  the  watershed 
are  less  steep  but  still  produce  high  water  velocities. 

Extremely  intense  rains  can  occur  in  the  area.  In 
Nelson  County,  located  a  short  distance  northeast., 
rainfall  amounts  of  22  inches  within  24  hours  have  been 
recorded.  Most  heavy  rains  occur  in  the  period  of 
December  through  March.  However,  flood -producing  rains 
can  occur  in  any  month. 

Floods  occur  frequently  along  the  rivers  and 
streams  in  Wise  County.  Trt  major  floods,  the  water- 
level  can  raise  as  much  as  14-18  feet  at  rates  of  rise 
of  5 -6  feet  per  hour  for  small  streams  and  the  Guest 
River  at  St.  Paul  can  rise  25-30  feet  at  rates  of  rise 
of  3-4  feet  per  hour.  Mori'  than  30  floods  have  been 
noted  in  the  Powell  River  drainage  since  records  have 


been  maintained  and  more  than  10  along  the  Guest  River. 
Severe  flooding  occurred  most  recently  in  April  of  1977 
when  7  inches  of  rain  in  22  hours  caused  water  levels 
exceeding  the  projected  100- year  level  on  most  streams 
i n  the  county . 


Flood  Warning  System 


The  impetus  for  establishment  of  the  Wise  County 
flood  warning  program  was  the  flooding  experience  in 
nearby  Nelson  County  which  had  received  22  inches  of 
rain  in  24  hours  when  Hurricane  Camille  struck  in  1969- 
Recognizing  that  Wise  County  was  similarly  vulnerable 
to  severe  flooding  and  that  early  warnings  would  be 
beneficial,  the  Wise  County  Director  of  Civil  Defense 
began  development  of  the  existing  system.  Figure  A-9 
shows  a  schematic  illustration  of  the  existing  system. 
The  first  precipitation  gage,  costing  $3-00,  was  pur¬ 
chased  in  1971.  Simultaneously,  LENOWISCO,  a  regional 
planning  commission  for  Lee,  Wise,  and  Scott  Counties 
organized  a  joint  effort  with  the  three  counties,  the 
Tennessee  Valley  Authority,  and  the  National  Weather 
Service  to  perform  hydrologic  studies  and  develop  flood 
prediction  charts. 


Flood  recognition  system  equipment  now  in  place  in 
Wise  County  includes  15  plastic  rain  gages  and  8 
observer  -  read,  river  -  level  gages.  Rain  gages  are 
located  at  the  Wise  County  Emergency  Operating  Center, 
at  homes  of  civil  defense  staff  members,  officials  of 
the  several  communities  served  by  the  system,  and  with 
other  volunteers  scattered  throughout  the  county.  Most 
of  the  gages  are  equipped  to  be  read  remotely  so 
observers  can  take  readings  without  leaving  their 
homes.  River-level  gages  are  either  painted  on  bridge 
abutments  or  consist  of  metal  tapes  mounted  on  wood 
posts.  In  addition,  there  are  two  stream-level  record¬ 
ing  gages  on  county  streams  which  can  be  accessed  by 
telephone.  These  gages  were  installed  and  are  main¬ 
tained  by  the  Corps  of  Engineers. 


Weather  information  provided  by  the  National 
Weather  Service  is  received  at  the  civil  defense  office 
over  the  Virginia  State  Police  teletype,  NAWAS  tele¬ 
phone  circuit  and  NOAA  weather  radio.  The  flood 
recognition  system  is  activated  by  the  Civil  Defense 
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Director,  Civil  Defense  Coordinator,  or  other  senior 
staff  member  when  information  such  as  a  NWS  announce¬ 
ment  of  a  flash  flood  vatch  indicates  heavy  rains  are 
anticipated.  The  system  can  also  be  activated  by  any 
of  the  observers  who  note  rainfall  in  excess  of  2 
inches  in  24  hours  at  their  location.  Communications 
with  observers  are  by  telephone,  backed  up  by  police 
radio  for  key  observers.  As  needed,  police  furnish 
mobile  radio  contact  at  all  observer  locations. 

Information  on  rainfall  received  from  observers  is 
used  to  forecast  flood  stages,  forecasts  are  issued  to 
police  dispatchers,  rescue  squads  and  community 
officials  in  the  area  concerned,  to  county  agencies  and 
officials,  to  school  system  officials,  and  to  radio 
stations  serving  the  area. 

Information  relating  predicted  flood  heights  to 
areas  inundated  has  been  assembled  for  most  flood  -prone 
portions  of  the  county.  Individual  communities  dissemi¬ 
nate  warnings  to  persons  in  affected  areas  by  sirens 
and  public  address  systems  on  police  and  rescue 
vehicles  and  by  knocking  on  doors.  Reports  from  riven 
level  gage  observers  are  used  to  confirm  early  predic¬ 
tions  of  flood  stages. 

The  cost  of  installing  the  river- level  gages  for 
the  system  was  approximately  $25  each, including  labor. 
The  rain  gages  which  are  now  used  cost  approximately 
$15  each.  It  is  estimated  by  the  Wise  County  Civil 
Defense  Director  that  a  system  like  that  in  place  could 
be  installed  by  two  persons  in  one  week  for  less  than 
$1,000.  Maintenance  cost  to  the  county  for  the  system 
is  about  $100  annually,  mainly  for  replacement  of  river 
level  gages  which  are  washed  out.  About  40  man-hours 
per  year  are  required  to  inspect  and  maintain  the 
system. 


Views  of  1  oca  Officials 

Wise  County  Civil  Defense  Office.  1  he  area  has 
h i stor i ca 1 1 y  been  subject  to  a  large  number  of  floods. 
Before  the  system  was  installed,  there  was  always  a 
lack  of  information  on  which  to  base  decisions.  1  he 
result  was  the  frequent  issuance  of  warnings  to  the 
public,  a  large  number  of  which  were  false  alarms  and 
which  consequently  hurt  the  credibility  of  succeeding 


warn  in;**.  I  ho  lack  of  information  also  resulted  in 
unnecessary  activation  of  the  National  (aiarcl  a  number 
of  t  imos  and  unneeded  action  by  residents  in  the  area. 

Vn  i  t  h  the  system,  predictions  within  half  a  foot  of 
the  final  r rest  stage  can  be  made  4-5  hours  ahead  for  a 

4-foot  rise  in  stream  levels.  Predictions  of  a  24- 

foot  rise  made  in  April  1077  were  within  2  feet  of  the 

measur  ed  c  r  est  height  even  though  they  were  made*  I  4 

hours  in  advance  of  the  flooding. 

1  he  ‘system  was  activated  about  70  t  imes  between 
1071  and  107c).  Floods  actually  occurred  in  five  of 
those  eases  and  the  predictions  that  were  made  proved 
accurate  in  each  instance.  Persons  who  didn't  react  to 
warnings  the  first  time  or  two  have  had  the  opportunity 
to  sec»  the  accuracy  of  the  predictions  and  now  80  to  Q0 
percent  of  the  people  voluntarily  evacuate  when  warned 
to  do  so. 

Numerous  benefits  come  from  the  system  including: 

I  .  Avoidance’  of  cost  s  associated  with  false 
a  1  arms  : 

2.  >ufet  y  of  area  res i dents  through  warning. 
e\ ar  iiat  ion.  blocking  of  dangerous  roads, 
and  readiness  of  rescue  crews  and  civil 
tic!  cum'  personnel; 

7.  >a  Vt v  through  better  information  on  when 
to  transport  children  from  school  to  home 
in  order  to  avoid  flood  dangers  .  Children 
were  formerly  released  whenever  a  problem 
occurred ; 

4.  Floodproofing  and  evacuation  of  contents  by 
property  owners  and  movement  of  mobile 
homes  ;  and 

5.  Utility  system  management  to  reduce  losses 
to  water  and  sewer  systems . 

F  very  house  on  the  flood  plain  benefits  to  some 
extent  through  reducing  damages  and.  altogether,  the; 
savings  are  tremendous.  As  an  example,  saving  of  750 
automobiles  by  their  timely  movement,  to  higher  ground 
was  attributed  to  early  warnings  in  flooding  which 
occurred  in  1077-  At  least  $25,000  in  negative  costs 
were  saved  on  one  weekend  by  not  overreacting  to  a 


potential  flooding  situation.  1  he  gross  productivity 
of  the  county  is  great  ly  increased  by  this  type  of 
saving.  I  he  value  of  warnings  can't  be  measured  just 
in  dollars.  lhe  system  does  a  lot  of  good  and  is  just 
an  excellent  investment  of  time  and  labor. 

Both  the  general  public  and  local  officials 
support  the  flood  warning  system.  Auto  parking  areas 
from  which  river— level  gages  can  be  read  are  sometimes 
so  crowded  that  official  observers  have  to  wait  their 
turn  to  see  the  gages.  Following  the  April  1077  flood, 
the  County  Board  of  Supervisors  passed  a  resolution  of 
commendation  for  operation  of  the  system  and  newspapers 
in  the  area  have  run  editorials  recommending  people 
take  warnings  seriously.  Both  public  officials  and 
other  parties  call  in  frequently  for  information. 

City  Administration  of  Coeburn,  Virginia .  People 
in  Coeburn  thought  the  city  would  never  flood  again 
after  completion  several  years  ago  of  a  small  flood 
control  channel  through  the  center  of  town.  In  April 
of  1  c>  7  7  the  city  did  f  1  ood  -  -  a  1  most  t  o  the  tops  of  the 
park i ng  meters . 

Warnings  about  the  flooding  were  received  from 
civil  defense  about  8  o'clock  in  the  morning.  By  Q 

o’clock,  police,  fire  and  rescue  squad  personnel  were 
put  on  standby,  a  command  post  was  set  up  and  the  city 
council  was  alerted.  By  noon,  city  equipment  had  been 
moved  out  of  the  floodplain  and  merchants  and  the 
public:  had  been  notified  by  telephone  and  bullhorn. 
Everyone  had  about  10  hours  to  prepare  for  the  flooding 
which  began  late  that  night. 

As  a  result,  there  were  millions  of  dollars  of 
savings.  At,  least  $150,000  of  fire  equipment  and 

thousands  of  dollars  of  communications  equipment, 
vehicles,  graders,  backhoes  and  other  city  equipment 
was  saved.  By  shutting  down  and  protecting  pumps  on  our 
water  and  sewer  system,  several  thousand  more  dollars 
were  saved  as  well  as  maintaining  the  capability  to 
restore  service  immediately  after  the  flood.  The  pumps 
and  motors  would  have  been  ruined  if  they  had  been  left 
on.  Replacement  equipment  would  have  cost  at  least 
$20,000  and  taken  six  months  to  obtain,  during  which 
time  the  city  would  have  been  without  sewer  service. 


!  lit'  advance  warnings  of  flood  also  gave  t  i  me  to 

open  schools  for  evacuees  and  set  1 1 p  emergency  rout  t  s. 

Several  I i ves  can  definitely  be  attributed  to  the 
emergency  communications  that  were  set  up.  Several 
lives  would  have  definitely  been  lost  if  there  had  been 
no  warnings.  Warnings  also  provided  the  time  necessary 
to  set  up  security  arrangements  to  prevent  looting  and 
vandal  ism  in  evacuated  areas. 

I  he  warning  system  also  lets  the  city  avoid 

unnecessary  activation  and  overtime  which  are  very 
costly.  I:\perience  with  the  warning  system  has  shown 

it  to  be  so  reliable  and  accurate  that  it  can  be 
depended  on  totally. 

City  Administration  of  Appalachia,  Virginia . 
Warnings  of  the  April  1 u  7  7  flood  were  received  by 
telephone  and  radio  at  the  police  department  and  city 
manager's  office.  First,  alerts  were  received  when  the 
storm  started  moving  in.  Then  3-4  hours  of  warning  was 
given  that  a  flood  would  definitely  occur.  That  was 
enough  time  to  warn  people'  and  evacuate  the  flood  plain 
areas  and,  consequent  Iv.  not  a  single  life  was  lost, 
the  city  also  was  able'  to  save  mobile  equipment,  shut 
valves  on  the  water  and  sewer  system  and  shut  off 
electrical  power  to  some  motors.  tor  a  flood  like  the 

one  in  1077-  the  warning  system  saves  $200 , 000 -$300 , 000 
of  public  property  losses. 

With  the  time  available,  police  were  able  to  set 
up  traffic  control  arrangements  and  aid  motorists.  The 
tire  department  was  able  to  disperse  its  equipment. 
Warnings  were  given  to  the  public  by  fire  and  rescue 
squads  using  public:  address  systems  and  by  knocking  on 
doors.  People  saved  a  lot  of  their  property  by  stack¬ 
ing  it,  moving  it.  to  upper  stories  or  evacuating  it  to 
another  place.  There’s  just  no  way  to  calculate  the 
return  from  the  warning  system.  Plus  the  saving  of 
lives,  hundreds  of  thousands  of  dollars  can  be  saved 
for  a  few  pennies. 

Warnings  have  a  very  good  credibility  with  the 
public.  I  here  was  a  very  good  response  to  the'  evacua¬ 
tion  request.  The  accuracy  of  the  system  couldn't  be 
much  better.  Several  times  the  predictions  have  been 
almost  exact  and  other  times  they  have  been  only  inches 
from  what  actually  happened.  There  is  no  concern  at 
all  about  reliability  either.  The  city  is  definitely 
prepared  to  act  immediately  on  the  basis  of  warnings. 
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Po  1  i  >  i  •  Pi  ■  p.i  i  t  mi  ■  n  1  ( 1 1  Hi”  ^li)in-  (nip.  \  iiiziiii.t.  I  In 

4-o  hours  w  a  i  ■  1 1  i  n  ”  nl  tin-  April  l  1 1 7  7  l  1 1 1 1  >  <  I  in-1  !■  used  iii 

1‘varuat  o  areas  that  w  i  u  i  I  <1  In  -  i  '-.<il.it  i-cl  by  I  1 ood i n " .  t  a  k  i  • 

(arc  nl  (In'  i  •  I  <1 1  ■  r  ■  I  y  .  ill  and  i  >  l  li  i  •  i  -s  jii-i-d  i  n.ii  special 

1 1 1  •  1  1 1  tn  evacuate.  assemble  i  •«•—.<  1 1 « ■  I  <  1 1  i  i  •  .  and  t  1 1  s  p  i  •  i  ■ .  i  d 
out  police  and  tiro  equ  i  pun  n  t  .  \  -.  ,i  re  ->u  I  t  .  t  In  •  r  i  •  w  <i  s 
ni  i  lit'*1  I  i  >  — >  t  o  v  on  t  1 1 1  in  ”  1 1  tho  timid  u  a  ,i  d  i  >;i-i(  itoiii 

oni'.  Poop  1  o  \\  i  *  t '  i '  a  I  mi  ah  I  o  to  save  .i  lactic  amount  nl 

personal  prupcrt  \  by  s  t  ai  k  i  ns*  it  or  nun  i  mi;  it.  I  In 

warning’s  lot  them  kimii  lion  much  t  i  mo  they  had  and  lion 

h  i  }ih  tho  flood  nould  ho. 

I  ho  accuracy  of  tho  s\ st  oni  has  boon  just  about 
exact  and  t  bore  are  no  concerns  nhat  soever  about  t  lie 
reliability  i •  t  its  operation.  And  ai  i m  at  e  and 

reliable  narnin.tts  are  os  sen  t  i  a  I  .  \oluni  ect  s  can  unit 
be  called  up  so  many  t  imos  on  (also  alarms  and  only  so 
many  unnecessary  narniniis  can  bo  •;  i  veil  before  people 
develop  a  false  sense  of  security. 

I  ho  city  comic  i  I  l  ea  I  i  /os  t  ho  belief  i  I  s  ot  l  lie 

flood  n  a  r  n  i  n  •*  syst  cm.  I  hoy  are  non  pu  sh  i  n  ti  for  similar 

systems  for  other  types  of  disasters. 

S K A  I  A R A  (  K1  I  k  1  1  uol)  U ARN I  N(i  >'ts||M 

sn  at  a  ra  (rook  originates  in  ><  hm  1  k  i  I  I  (  nuiil  i  . 

Pennsylvania,  about  4  d  miles  northeast  of  II  a  rr  i  shit  r  . 

from  t  here  .  the  creek  lions  in  a  southeasterly  course 
throiiiih  lobanon  and  Dauphin  Count  ics  and  empt  ios  into 

the  Sn  s(|ii  eha  nil  a  K  i  let  at  M  i  dd  I  e  t  o\\  n  .  Pennsylvania 

I  I  i “u  re  A  -  I  0  t  .  the  (rook  is  approximately  n  v  miles 

Ion”  and  has  a  drai  naac  area  of  S71'  siptai  !■  mi  Ios. 
Numerous  tributaries  enter  the  (reek  a  I  on  ”  its  I  i  -  n  ”  t  h  . 

I  ho  tpper  roaches  of  t  lie  nat  ci  slicd  i  u  ''i  Inn  1  k  i  I  I 
County  1 1  ” o  from  forested  hills  to  very  si  i  ■  p  uplands, 

much  ot  .  1 1  i o  h  is  extensively  mined  for  <  oa I  .  I  he  loner 
port  ions  of  the  nat  crslicd  in  lobanon  and  Dauphin 

Counties  are  charact  cri  /od  t  opo <•  r a ph  i  c a  I  I  y  by  ml  1  i  na 

hills  which  contain  extensive  areas  of  cropland.  I  he 
overall  pupil  1  at  i  on  of  the  watershed  in  1  >*  ~  0  was  about 
I  ill  .  00  0  w  i  (  1 1  r  on  "  ll  I  y  ha  I  f  I  i  v  i  n  ”  in  .lie  larger 

municipalities  within  Dauphin  and  I  eha  non  Counties  and 

the  remainder  (list  ril.'iilcd  in  smaller  communities 

t  1 1  rou  ”  In  ii  1 1  the  watershed  and  in  rural  areas. 
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Average  annual  precipitation  in  Swatara  Creek 
watershed  ranges  from  40-45  inches.  Most  of  the 

precipitation  occurs  from  May  through  August  with  an 
average  of  30-35  thunderstorms  yearly  accounting  for 
most  of  the  summer  rain.  Tropical  hurricanes  rarely 
reach  the  area  with  destructive  winds  but  can  cause 
intense  rainfall.  Average  snowfall  is  about  35  inches 
per  year  and  snow  melt  is  a  significant  component  of 
late  winter  and  spring  floods. 

Swatara  Creek  floods  frequently  with  some  1  2d 
instances  of  out -of- bank  flows  being  recorded  between 
1919  and  1Q60  at  Harpers  Tavern,  Pennsylvania.  Severe 
floods  occurred  in  1889,  1933,  1972  (Hurricane  Agnesi 

and  1975  (Hurricane  Eloise).  The  June  1972  flood 
caused  greater  property  damage  than  any  previous  flood 
with  approximately  1,100  residences  and  1 50  commercial 
and  industrial  structures  being  damaged  or  destroyed. 
There  was  also  severe  damage  from  the  flood  to  agricul¬ 
tural  lands  and  properties  and  to  roads.  Areas  of 
concentrated  developments  subject  to  flooding  lie  in 
Londonderry  Township  and  near  Middletown. 


Flood 


The1  Susquehanna  River  Basin  Commission  held  a 
conference  shortly  after  the  widespread  flooding  caused 
by  Hurricane  Eloise  in  1975  for  the  purpose  of  ident ify- 
ing  problems  which  had  been  encountered  and  needed 
actions.  Lack  of  warning  was  identified  as  a  serious 
problem  which  contributed  to  losses  throughout  the  area 
and  Swat  ara  Creek  watershed  was  ranked  as  t  he  part  of 
the  area  where  improvement  of  flood  warning  arrange¬ 
ments  was  most  urgently  needed.  The  Commission 
subsequently  undertook  to  stimulate  development  of  a 
flood  warning  system  for  Swatara  Creek  through  develop¬ 
ment  of  a  plan  for  the  proposed  system  and  hosting  of 
meetings  with  various  officials  from  the  three  affected 
counties.  Agreement  was  reached  among  the  three 
counties  to  operate  the  flood  warning  system  and,  six 
months  later,  the  system  became  operational.  Figure 
A- 11  illustrates  the  operation  of  the  system. 


The  concept  of  operation  of  the  Swatara  Creek 
flood  warning  system  is: 
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1.  Use  of  information  provided  liysixuilimtecr 
rainfall  observers  to  predict  flood  stages 
at  Harpers  Iavern,  Pennsylvania; 

2.  Use  of  crest -stage  relationships  between 
Harpers  lavern  and  downstream  locations  to 
predict  crest  stage  and  time  of  flooding 
for  other  vulnerable  places; 

3.  Use  of  an  automat  ic  stream  stage  recorder 
at  Harpers  lavern  to  confirm  flood  fore¬ 
casts;  and 

4*  Distribution  of  warnings  from  county  Civil 
Defense  agencies  to  various  municipalities 
and,  through  them,  to  the  public. 

lechnical  aspects  of  the  flood  recognition  system 
were  developed  by  the  National  Weather  Service.  1  he 
Susquehanna  River  Basin  Commission  provided  precipita¬ 
tion  gages  and  installed  10  r  i  ver-  1  eve  1  gages  at  var¬ 
ious  stream  crossings  to  provide  information  for 
calibration  of  the  system.  Original  cost,  for  purchase 
and  installation  of  the  several  river -level  gages  was 
$15-000,  including  labor,  paid  for  by  the  Susquehanna 
River  Basin  Commission.  Annual  operating  and  main¬ 
tenance  costs  for  the  river  -  level  gages  of  about: 
$1,500  are  shared  by  the  Pennsylvania  Department  of 
Environmental  Resources  and  the  U.S.  Geological  Survey. 

Coordination  of  the  flood  recognition  system  and 
preparation  of  flood  forecasts  are  provided  by  the 

Lebanon  County  Civil  Defense  Director.  Rainfall  obser¬ 
vers  are  alerted  to  begin  rainfall  measurements 
whenever  information  received  from  the  National  Weather 
Service  by  teletype?  or  radio  indicates  heavy  rains  are 
expected.  The  observer  network  is  also  activated  upon 
request  of  the  Civil  Defense  Director  of  any  of  the 

three  participating  counties  in  the'  event  locally  heavy 
rains  occur.  Rainfall  observers  also  have  a  standard 
operating  procedure  for  self-act  ivat  ion  of  the  system 
if  more?  than  I  inch  of  rainfall  is  received  in  any  24* 
hou r  per i od  . 

After  their  preparation.  flood  forecasts  are 

distributed  by  radio  from  the-  I  cbaimn  Count- y  Civil 


F 


Defense  Director  to  the  civil  defense  directors  of 
Dauphin  and  Schuylkill  Counties.  All  civil  defense 
directors  then  issue  appropriate  warnings  to  local 
fire,  police  and  other  emergency  services  agencies  and 
to  radio  and  television  stations.  Warnings  to  the 
general  public  are  provided  by  radio  and  television  and 
by  police  and  fire  vehicles  with  public  address 
systems.  The  warning  system  provides  a  general  warning 
time  of  about  10  hours  in  the  central  portion  of  the 
watershed  and  about  IS  hours  at  Middletown.  Confirma¬ 
tion  of  flood  flows  through  observation  of  staff  gages 
enables  about  1  hour  of  highly  accurate  warning  of 
f 1 ood i ng . 


The  system  has  been  used  three  times  since  becom¬ 
ing  operational  in  1 0 7 b •  Other  than  when  it  is  active, 
no  county  staff  time  is  devoted  to  the  system. 

Views  of  Local  Officials 

Dauphin  County  Department  of  Emergency  Services . 
Prior  to  development  of  the  Swatara  Creek  flood  warning 
system,  knowledge  that  flooding  was  going  to  occur  in 
Dauphin  County  was  based  on  reports  of  flooding  in 
immediately  upstream  areas.  This  approach  gave  about  1- 
hour  advance  notice.  Even  then,  deciding  how  severe 
the  flood  would  be  and  what  areas  should  be  evacuated 
was  only  guesswork.  The  biggest  benefit  of  the  system 
is  the  definite  forecast  of  the  flood  height  and  the 
time  when  the  crest  will  arrive. 

While  a  repeat  of  the  Id7  2  flood  would  probably 
cause  several  deaths  without  the  warning  system,  the 
only  deaths  now  anticipated  in  a  severe  flood  are  those 
persons  who  ignore  warnings  or  make  foolish  mistakes 
1  ike  trying  to  canoe  on  the  flood  waters. 

Damages  from  floods  are  also  reduced.  I  he  IU72 
flood  caused  an  almost  100  percent  loss  of  contents  of 
residences  in  1 ondonderry  Township.  With  the  approxi¬ 
mately  15  hours  of  warning  available.  it  is  est  imated 
that  the  loss  of  contents  can  be  reduced  about  00 
percent  .  Costs  for  pickup  of  discarded  i t ems  are 
reduced  as  well  as  the  t  i  me  required  to  return  to 
normal  operations.  In  addition,  t ho  warning  system 
eliminates  overreact  ion  on  the  part  of  both  private 
parties  and  public  bodies  and  therefore  saves  these 
cost  s  . 
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The  three  counties  participate  in  operation  of  the 
system  by  mutual  consent  and  without  any  formal  agree¬ 
ment.  No  problems  have  arisen  in  the  arrangement.  Local 
officials  in  the  area  are  aware  of  the  system,  support 
it  and  depend  on  its  operation. 

The  system  is  considered  to  be  very  reliable? 
because  telephone  communications  between  counties  arc? 
backed  up  by  radio,  mobile  radio  units  can  be  dis¬ 
patched  to  back  up  telephone  communications  with  rain¬ 
fall  observers,  and  all  personnel  responsible  for- 

making  flood  forecasts  and  issuing  warnings  are  backed 
up  by  alternates.  Accuracy  of  the  system  has  been 
excellent  with  estimates  of  the  time  of  arrival  of 
flood  crests  being  "on  the  button"  and  estimates  of 
crest  height  have  been  within  half  a  foot  of  what 

actually  occurred.  The  opportunity  for  the  public  to 
view  the  accuracy  of  the  flood  forecasts  in  past  floods 
has  made  "real  believers"  of  them. 

No  problems  have  occurred  in  operation  of  the 
system.  1  he  only  concern  of  any  importance  is  the 
possibility  of  an  unneeded  evacuation  of  mobile  homes 
in  one  area  on  the  basis  of  what,  turns  out  to  be  a 
"near  miss."  However,  residents  there  are  less  likely 

to  be  falsely  evacuated  now  than  they  were  before  the 

warning  system  was  developed.  In  any  event,  the  concern 
about  potential  liabil  ity  has  not  been  great  enough  to 
prompt  any  specific  action  to  guard  against  it. 

Susquehanna  River  Has  i  n  Commission.  1  he  Swat.ara 
Creek  flood  warning  system  works  in  the  absence  of  any 
formal  agreements  because  the  three  counties  are  bound 
together  with  a  common  problem.  there  are  present ly 
about  2S  flood  warning  systems  operational  in  the 
port,  ion  of  Pennsylvania  wit  hin  the  area  covered  by  the 
Susquehanna  River  Basin  Commission.  There  have  been  no 
problems  with  the  operation  of  any  of  the  systems. 

During  Agnes,  trailers  were  washed  away.  With 
warning,  trai  lers  can  be  moved  in  a  matter  of  a  few 
hours.  Warning  a  I  so  enables  getting  large  equipment  to 
move  large  IP-  gas  tanks.  Without  warning  in  Agnes,  a 
restaurant  was  flooded  to  the  roof  level  causing  a  loss 
of  all  contents.  With  warning,  evacuat  ion  of  only  the 
partial  contents  of  a  walk-in  freezer  saved  food  valued 
at  $  2  S .000. 
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A  water  pumping  plant  lost  all  of  its  equipment 
during  Agnes  and  was  shut  down  for  several  days.  During 
a  recent  storm,  the  pumping  plant  was  able  to  lift  its 
large  electric  motors  and  electric  breaker  panels  above 
flood  levels.  The  estimated  cost  savings  was  $7,000- 
$8,000.  However,  more  importantly,  the  plant  manager- 
reported  that  the  flood  warning  system  allowed  them  to 
shut  down  for  far  less  time  than  during  Agnes,  and  that 
they  could  put  the  plant  back  into  operation  faster 
because  they  also  knew  when  lower  water  levels  were 
coming  down  the  stream. 

There  are  many  examples  where  homeowners  were 
evacuated  by  boat  during  Agnes.  In  the  recent  storm, 
people  were  evacuated  earlier  with  far  less  danger,  and 
many  homeowners  were  able  to  move  appliances,  furniture 
and  other  items  to  higher-  levels  out  of  harm's  way. 
Early  warnings  and  accurate  water  level  predictions 
also  permit  timing  of  evacuations  when  it  is  safer  for 
the  rescuer.  In  Agnes,  some  rescues  were  made*  at  night 
with  a  rowboat  when  water  was  up  t o  the  treetops. 

The  warning  system  is  viewed  as  providing  the 
kicker  to  get  civil  defense  going  at  the  county  level. 
It  also  provides  a  way  that  local  governments  can 
participate  in  efforts  to  reduce  flood  1  osses . Every one 
benefits  from  a  better  understanding  of  events  and  t  he 
capabibility  to  make  planned  responses  to  floods.  In 
terms  of  reducing  flood  losses,  there  can  be  a  signifi¬ 
cant  reduction  of  damages  to  contents  based  on 
warnings.  This  provides  a  big  return  for  hardly  any 
cost  which  is  especially  helpful  for  areas  for  which 
there  is  no  structural  solution. 


LYCOMING  COUNTY,  PENNSYLVANIA 

Lycoming  County  is  located  i  n  t ho  north  central 

portion  of  Pennsylvania,  about  90  miles  north  of  Harris¬ 
burg.  The  count  y  has  an  area  of  1.215  square  mi  1  e.s .  1  he 

majority  of  the  lands  in  t he  county  are  heavily 

forested  and  remain  undeveloped  due  to  their  stoop 

slopes.  Flatter  areas  in  the  river-  valleys  and  the 
milder  slopt-s  are  used  primarily  for  agriculture.  The' 

majority  of  the  county's  population  and  commercial 
development  is  located  on  the  valley  flood  plains  in 
(lose  proximity  to  t ho  major  streams  and  their  tribu- 
t  a  r i es . 


Agriculture  in  the  county  is  gradually  decreasing, 
due  at  least  in  part  to  expansion  of  urban  areas  and 
increasing  demand  for  recreational  lands.  As  agricul¬ 
ture  declines,  commercial  and  industrial  activities  are 
becoming  a  more  important  part  of  the  overall  economics 
base  of  the  area.  One  of  the  larger  employers  in  the 
county  is  the  Sprout  Waldron  Company,  a  manufacturer  of 
various  types  of  industrial  machinery.  The  county's 
population  was  115)123  as  of  1077.  It  is  expected  to 
increase  to  122,600  by  2000. 

Physiographical ly ,  the  county  lies  at  the  junction 
of  the  Applachian  Plateau  Province  and  the  Valley  and 
Ridge  Province.  The  Allegheny  Front,  which  separates 
the  two  provinces,  is  an  escarpment  trending  east-west 
across  the  county.  The  topography  of  the  county  is 
varied  with  broad  flat  ridges  across  the  highest  eleva¬ 
tions,  several  broad  valley  areas  at  intermediate 
elevations  arid  several  major  stream  valleys  disecting 
the  area  north  to  south.  Slopes  in  the  area  are 
relatively  steep  and  stream  gradients  range  from  as 
much  as  10  percent  in  the  uplands  to  about  5  percent  in 
the  lower  valleys. 

Lycoming  County  lies  entirely  within  the  Susque¬ 
hanna  River  Basin.  The  West  Branch  of  the  Susquehanna 
River  flows  through  the  county  for  a  distance  of  about 
thirty-eight  miles.  Its  major  tributaries  in  the  area 
are  Pine  Creek,  Little  Pine  Oeek  ,  Larrys  Creek, 
Lycoming  Creek,  Loyalsock  Creek,  and  Muncy  Creek 
(Figure  A  —  1 2  )  .  There  are  also  numerous  smaller  tribu¬ 
taries.  Altogether,  the  county  has  approximately  2,200 
miles  of  streams. 

The  mean  annual  precipitation  in  Lycoming  County 
is  40  inches.  Prec  i  pi  t.at  i  on  is  relatively  well  distribu¬ 
ted  through  the  year  with  May  and  July  being  the 
wettest  months.  Intensive  rain  occurs  in  the  area  as 
storms  or  tropical  disturbances  move  north  and  east 
f rom  the  deep  south.  Hurricanes  occasionally  affect  the 
area,  the  most  recent  occurrences  were  Hurricane 
Agnes  in  1072  and  Hurricane  Floise  in  1075.  The 
hurricane  season  lasts  from  June  to  November.  These 
storms  cause  as  much  as  4-8  inches  of  rain  in  24 
to  48  hours  in  the  county. 

Moods  occur  frequently  along  Lycoming  County 
streams.  lor  example,  Lycoming  Creek  exceeded  its 
bankful  stage  44  times  in  the  period  1914-1958.  Recent 
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major  flooding  in  t  lie  county  me  u  trod  in  I  o  y  0  .  I  11  x 11  . 

1  Uo4  ,  1072  and  1  <■)  7  “>  •  flooding  causes  damages  to  roads, 
bridges  and  other  public  property  as  well  as  to  crops, 
residences,  commercial  and  industrial  structures.  and 
emit  cut  s  of  st  met  nres  . 

I  he  worst  general  flooding  of  recent  record  in  the 
area  occurred  due  to  rains  front  Hurricane  Agues  in  l‘>72 
and  Hurricane  I  I  oi  sc  in  1  *>  7  i  •  During  the  1  7  —  flooding, 
thousands  of  buildings  were  destroyed  or  damaged  and 
many  millions  of  dollars  of  damage  was  done  to 
industrial,  commercial  and  agricultural  propert  : os  and 
act  i v  i t  i es .  Severe  f 1 ood i ng  ,  r i \ a  1  i ng  t  hat  wh  i  <  h 
followed  Hurricane  I  loisc  in  sever  i  t  y  ,  a  1  so  occurred  in 
March  of  I  070  in  some  of  the  county's  watersheds. 
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improvements  be  made  in  a  1  1  a  n  geinen  t  s  tor  obtaining 
I  1  ood  —  re  I  a  t  e  (I  i  n  t  o  rma  t  ion.  \  s  a  result  .  several  stall 
gages  for  direct  ubscn.il  ion  were  installed  along  area 
streams.  further  f I ood  experiences  resulted  in 
supplementation  of  tb.it  system  to  also  provide  r  a  i  n  I  a  I  I 
measurements  and  to  add  predict  i  ve  capability.  I  he 
exist  i  n  g  flood  warn  i  iu;  system  was  developed  by  the 
I  y  com  i  ng  County  I'  I  .inn  i  ng  t  miim  i  ss  i  on  .  I  y  com  i  n  g  County 
I  mergence  Management  Agency.  and  Nat  i  011a  I  ltc.it  her 
Service,  I  he  cniint  y  w  i  de  system  incorporated  a  nil 
expanded  on  a  warning  system  for  Muncy  (reek  which  was 
developed  and  operated  by  the  Sprout  hahlmn  (omp.inv 
for  their  own  use. 


I  lu- 

ron  s  i  s  t  s 
e i  t  her 
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d <1 1  a  col 
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County's  present 
of  approx i mat  e  I  y 
as  observers  or 
s  and  a  I  I  ernat  es 
I  eel  ion  networks  1 
I  y  com i ng  and  I  oy a  I 


flood  reengni  (  ion  system 
v  i  volunteers  which  serve 
observer  alternates.  I  lie 
are  organ  i/rd  into  separate 
or  Muncy.  I’  1  no  .  little  fine, 
sin  k  (reeks.  I  nrli  net  work  of 
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observers  is  supervised  by  a  "stream  coordinator." 
f  igure  A-12  shows  the  principal  local  ions  where  informa¬ 
tion  is  collected  on  rainfall  and  stream  levels,  lliere 
are  also  numerous  monitoring  sites  along  fine  Creek  in 
l'ioga  County  which  are  not  shown.  Figure  A-  1  s  i  1  Ini¬ 
tiates  schematically  the  operat  ion  of  tin'  flood  warning 
sy st  em . 


I  ycoming  County's  efforts  to  provide  warnings  of 
floods  are  supp 1 ement ed  by  exchange  of  information  with 
ad  jacent  count  ies,  all  of  which  have  flood  warning 
systems  bast'd  on  observers.  Common  icat  ions  with  flood 
coordinators  in  adjacent  count  it>s  is  v  ia  radio. 

1  he  flood  warning  system  is  act  i  vat  ed  whenever  an 
observer  or1  network  coordinator  contacts  the  count  \ 
emergency  Management  Agency  with  informat  ion  that  a 
loeat  ion  has  received  a  prescribed  amount  of  rainfal  1 
11  inch  in  winter  or  2  inches  in  spring  through  fall '. 
All  observers  are  then  contacted  and  requested  to  make 
Frour lv  reports  on  rainfall  and  or  stream  levels. 

F’recipJtat  ion  data  and  stream  levels  are  reported 
by  observers  to  the'  stream  coordinator.  After  consol  ida 
t  ion  of  the  data  from  observers  in  their  area,  st  ream 
coordinators  report  to  the  warning  system  coord  i  rial  n:  . 
Based  on  the  informal  ion  received,  the  warning  sv  si  cm 
coordinator  releases  flood  predict  ions  in  close  coord i 
nation  with  Nat  ional  Weather  Service  personnel  and  the 
Sprout  Waldron  Company. 

Telephone  is  t  1  '  primary  means  of  common i rut  ion 
with  observers  and  cam  coodinalors.  However,  because 
of  the  vulnerability  of  telephone  service  to  d i s  r u  p  - 
t  ion,  arrangements  exist  with  amateur  radio  operator  s 
in  the  county  to  provide  backup  common  i  cat  ions.  lire 
warning  system  coordinator.  National  Weather  Service 
and  other  key  part  ies  are  equ i pped  with  radio. 

1  he  warning  system  makes  it  possible  to  provide  n 
to  s  hours  advance  not  ice  of  flooding  to  most  port  ,  <  •  >  i 
of  the  county.  Flood  warnings  generated  through  i  In- 
system  are  issued  to  radio  stations  serving  the  area: 
city.  Count  y  and  state  police:  ,14  fire  companies 

serving  the  county:  Pennsylvania  Power  and  I  igiil 

Company:  Pennsylvania  Dci>^rt  of  lransport.it  ion: 

Pennsylvania  hmergeriry  Management  Agency;  and  (u 
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\  ar  i  on-,  l)ii^  i  iii'ssr.-,  which  have  i  ec|iiest  i-d  sin  h 
I  ion.  \\  a  i  •  1 1  i  1 1  ii  aic  a  I  s  o  <  i  i  t  i  i  I  >  1 1 1  <  -  c  1  over 

\v  i -a  t  In  - 1  U  i  i  i  ■  and  \(  f  \  A  llral  lu-i  Radio.  >  t  i  c  -am 
Ini'.  and  oliM'ivt'i',  I  o  c  a  t  c  -  ( I  in  i  c  •  in  o  t  <  •  areas 
i  -,-,ucd  I  lie  flood  predict  ion-,  for  d  i  ss  cm  i  nat  ion 
\  i  e  i  n  i  t  \  .  local  c  i  \  i  I  (li'fciiM-  a  tie  n<  i  <•  s  and  lire 
i  om  pan  i  <  -s  use  fixed  si  mi  systems  to  alert  populated 

areas  to  flood  <  -  me  r  tie  tie  i  <  -s  and  both  po  I  i  <  e  and  tile 
mobile  public  address  systems  are  used  to  d  i  ssrm  i  n.it  r 

w  a  i ■  ii  i  1 1  ti  messages. 


I  o  r  m  a  I  flood  preparedness  a  r  i  •  a  n  <i  e  m  <  ■  1 1 1  s  in  i  b<- 
County  include  standing  contracts  with  schools  and  the 
Rod  (  ross  to  provide  for  sheltering  and  feed  i  n  of 
evat  net's  ,  A  I  I  local  po  I  ice  o  r  ti  a  1 1  i  /  a  t  ions  also  1 1  a  \  e 
mutual  aid  parts  to  provide  sources  o  I  emergent  \ 

«’  i  "»  S  I  t  « IT  I  <  ‘  *  • 

I’  ree  i  p  i  t  a  t  ion  •  >  a  u< '  s  and  si  roam  u  a  tie  s  1 1  so  d  h  v 
ohservet  s  were  furnished  I  >  \  the  \ a t  i  o n a  I  U i •  a t  1 1 e t 
>e r  \  i  <  e  .  local  industries,  nirrt  bant  s  .  and  i"\  ernnient  ,t  I 
a  ti e 1 1 r  i  e s  donated  necessary  lumber.  i  i  eosoi  ini*.  tech¬ 
nical  assistance  and  I  allot-  to  install  the  t!  a  lm  -  s  .  \s  a 

t  <  •  s  1 1  /  t  .  local  costs  I'  or  c  -tjit  i  i  >mi  •>)  I  were  mi  I  t  about  f  A  0  0  . 
font  i  in  i  i  1 1  *i  costs  include  an  annual  i  i-c  mm  i  t  ion  dinner 
tor  observers.  telephone  i  hat  “cs  for  calls  from 

observers  and  network  coordinators.  and  professional 
staff  t  i  me  .  About  2  A  man-days  per  vear  are  devoted  to 
opera!  ion  ot  the  svstem.  not  im  luclint*  t  into  spent 
d ti  i  i  n ii  periods  of  flooding. 


Views  of  local  ( 1 1  f  i  c  i  a  I  s 


I  v  c  om  i  1 1 ii  (  (Hint  v  I’  I  aim  i  up  (  ommission,  I  ho  a v a  i  I  a- 
I)  i  1  i  t  v  of  accurate  and  t  i  me  I  v  flood  warnings  In-net'  i  t  s  a 
wide  v  a  r i e I  v  of  people  and  interests.  due  major 
henrl  i  t  i  arv  is  the  (  on  n  t  \  Board  of  (  ottitti  i  s  s  i  one  l  s 

because  it  heats  the  re  spoils  i  I)  i  I  i  t  v  for  public  safety, 

liability  due  to  lac  k  of  provisions  for  s.il'rt  v  from 
floods  was  a  serious  concern  prim  to  establishment  o  f 

the  w  a  r  n  i  n  ii  system. 

Industries  also  benefit  significant  I  v  from  t  he¬ 
ll  ood  warning  system.  I  he  ■  opportunity  to  evacuate  t  In  -  i  t 
e  (|  1 1  i  pine  n  t  and  other  movable  propel  t  y  before  f  I  ood  i  n  ii 
reduces  (licit  losses  »reat  ly.  It  also  enables  them  to 
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ret  urn  much  quicker  to  normal  operations.  This  in  turn 
minimizes  economic  dislocations  and  disruptions  for  the 
overall  community.  As  an  example,  the  Sprout  Waldron 
Company's  losses  in  the  ll*7u  flooding  were  approxi¬ 

mately  $2,000,000,  including  physical  losses  of  $42d.OOO, 
emergency  costs  of  $2*3,000,  and  business  losses 

estimated  to  be  $1,23^.000.  their  plant  did  not  return 
to  normal  operat ions  for  almost  six  months.  In 
contrast  .  the  flood  warnings  available  at  the  time  of 
Hurricane  Eloise  in  1^75  enabled  protection  of  their 

property.  Along  with  some  permanent  flood  proofing  that 
had  been  done ,  warnings  enabled  cutting  the  losses  to 
about  $M,000  in  physical  losses  and  $bl  .000  in  emer  ¬ 
gency  costs.  In  add  it  ion,  the  plant  was  *0  percent 

operational  in  about  3  days,  holding  business  losses  t  n 
an  estimated  $101,000.  Overall,  t  he  losses  were  only 
$137,000  compared  to  the  almost  $2,000,000  experienced 
prev i ous 1 y . 

Residential  property  damages  due  to  flooding  are 
also  greatly  reduced  by  the  availability  of  early 
warning.  The  flood  in  March  of  1179  inundated  about  37^ 
homes.  Yet  the  damage  was  so  slight  due  to  peoples' 
movement  of  their  property  after  the  warnings  were 
given  that  it  was  not  even  necessary  for  the  Federal 
Insurance  Administration  to  send  insurance  adjustors  to 
the  area.  Thousands  of  dollars  have  also  been  saved  in 
other  instances  by  avoiding  unnecessary  evacuations. 

One  of  the  most  significant  payoffs  of  the  flood 
warning  system  is  it's  contribution  t  o  safety.  It  was 
necessary  in  prior  flooding  to  use  motorboats  to  rescue 
a  number  of  people  who  had  become  trapped  by  unexpected¬ 
ly  high  water'  levels.  That  posed  a  tremendous  hazard 
for  both  the  rescuers  and  those  being  assisted.  The 
early  warning  system  makes  it  possible  to  avoid  those 
kinds  of  dangers  by  evacuating  areas  before  they're 
flooded.  The  advance  warnings  also  eliminate  a  great 
dea 1  of  chaos  because  the  emergency  agencies  have  the 
t  i me  necessary  to  prepare  for  act  ion. 

l  ycoming  C  ount  y  Emergency  Management  Agency'.  I  he 
flood  warning  system  is  seen  as  being  of  tremendous 
value  to  the  Emergency  Management  Agency  and  the 
pubi  ic.  I  here  is  no  doubt,  whatsoever  that  early  warn¬ 
ings  can  save  lives. 


I'he  system  has  been  a  real  success  in  terms  of 
both  performance  .and  payoff'.  I  he  reliability'  and 
accuracy  have  been  good  and  just  one  occasion  to  use 
thi"  system  in  March  of  1  *•>  7  v>  paid  hack  it's  cost  a  thous¬ 
and  t  i mes  over . 


Board  of  Supervisors.  Old  lycoming  township. 
Flooding  caught  people  by  surprise-  in  the-  cases  of  both 
Hurricane  Agnes  and  Hurricane-  f  I  o  i  sc* .  I  he-  lack  of 
warning  was  particularly  serious  in  the  case-  of 
Hurricane-  Agnes  because-  of  its  severity.  Many  of  t  he 
people  who  had  to  be-  evacuated  were  taken  out  by  boat  . 
some-  from  the-  roofs  of  their  homes.  Other  people  were 
trapped  in  isolated  areas  for  considerable  periods  of 
t  i  me .  Up  to  a  year  was  required  to  restore  normality  to 
t  h  e  a  r  e  a  . 

1  he-  problems  during  the*  1U72  flooding  almost 
became  a  real  disaster.  levees  protect  ing  some*  areas 
were  almost  overtopped  and  it  was  only  discovered  at 
the*  last  moment  that  the-  pumping  st  at  ions  for  internal 
drainage  were  malfunctioning.  I  hose  experiences  with 
floods  created  a  public  demand  for  some  kind  of  an 
early  warning  system. 

1  he  advantage-s  of  having  a  flood  warning  system 
were  apparent  in  the  flooding  during  March  1070,  With 
approximately  four  hours  of  advance*  warning.  police 
were  able*  to  make  person-to-person  contact  with 
residents  in  low- lying  areas  to  warn  t hem  to  evacuate. 
Ihere  was  also  t  i  me  to  tost  the*  pumps  which  had 
previously  caused  problems,  make*  preparat  ions  to  feed 
and  care*  for  evacuees,  and  coordinate*  the  act  ivit  i  os  of 
the*  Red  Cross.  Civil  Defense  and  fire*  companies.  In 
another  flood  I  ike*  that  which  followed  Hurr  icane*  Agnes, 
the  warning  system  could  result  in  a  40  percent  reduc- 
t  ion  of  losses  in  personal  property.  And  what  can  he* 
accomplished  with  a  given  length  of  warning  t  i  me* 
improves  with  experience. 

I  he  warning  system  is  i  rival  (table*  for  the*  mental 
and  physical  well-being  of  residents.  before.  the* 
informat  ion  on  what  was  happening  was  confusing  or 
wrong.  Now  ,  the*  informat  ion  received  is  very  accurate. 
As  a  result  the*  people  in  the*  area  have  a  great  deal  of 
confidence  in  the  warning  system. 
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lycoming  County  Board  of  (  omm  i  ss  i  oner*. .  1  or  a  I 

official.**  had  I  hr  experience  in  I  *-)  7  —  with  Hunicam' 
Agnes  of  it  lying'  on  a  s  i  ng  I  r  median  i  (a  I  gage  <  <>  toll  it' 
t  ho  river  level  was  rising  or  falling.  Mai  liniet  ion  of 
the  gage*  showed  the  need  for  having  observers  report  on 
river  levels  and  created  some  interest  in  a  ..lining 
system.  I  he  flooding  following  Hurricane  1  1  o  i  so  in  1‘>7S 
showed  the  lack  of  arrangements  for  an  organized  and 
systemat  ic  appraisal  of  flood  threats,  tremendous 
property  damage  occurred  because  of  a  lark  of  informa- 
t  i  on  . 

'These  experiences  triggered  development  of  (lie 
present  warning  system.  If'  these  same  floods  occurred 
now.  there  would  bo  a  nm  1  t  i  -m  i  1 1  i  on  dollar  savings  of 
property  damage  and  business  losses.  And  minimizing 
industrial  and  commercial  losses  is  very  important  .  If 
industries  begin  closing  due  to  largo  losses,  one  would 
follow  anot  her  out  of  the  area  and  the  whole  economic 
situat  ion  would  unravel  . 

I  ho  flood  warning  system  is  also  very  important 
for  reducing  loss  of  1 i f e  and  losses  to  personal 
property.  The  Board  supports  it  1 0  0  percent  . 
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